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INTRODUCTION 


On  account  of  serious  flooding,  from  time  to  time 
in  the  Boir  Valley,  resulting  in  damage  to  buildings  and  property  in  the 
Bowness,  Calgary  and  surrounding  area  adjacent  to  the  river,  the  Goyernment 
of  the  Province  of  Alberta  deemed  it  expedient  and  in  the  publio  interest  to 
cause  an  enquiry  to  be  made  into  th±3  matter. 

Pursuant  to  the  provisions  of  the  Publio  Inquiries  Act, 
chapter  139,  R.S.A.  1942,  the  following  were  appointed  by  Order- in-Council 
to  conduct  this  enquiryx- 

W.  J.  Dick,  Professional  Engineer  of  Edmonton;  Commissioner  (Chairman) 
D.  W.  Hays,  Professional  Engineer  of  Medicine  Hat;  Commissioner 
Angus  McKinnon  of  Dalemead,  Farmer;  Commissioner. 

Commission  Counsel,  J.  Mahaffy,  Q.C.,  Calgary. 

The  terms  of  reference,  as  set  out,  were  as  follows j- 

(l)  To  investigate  the  causa  of  the  flooding  in  the  Bair  Valley  and 

any  conditions  aggravating  the  said  flood,  having  regard  to,- 

The  natural  increase  in  the  level  of  the  water 
in  the  Bow  River  during  the  winter  months  due  to 
ice  jams  or  other  natural  causes; 

The  effeot  of  increasing  the  average  winter  flow 
and  level  of  the  water  in  the  Bow  River  by  reason 
of  storage  reservoirs  oonstruoted  in  the  head 
waters  of  the  Bow  River  by  the  Calgary  Power  Limited; 

The  effeot  of  fluctuating  the  winter  flow  and  level 
of  the  water  in  the  Bow  Ri^er  due  to  the  operation 
of  power  plants  constructed  by  the  Calgary  Power 
Limited; 

Such  other  causes  or  contributing  factors  as  the 
Commissioners  may  consider  contribute  to  the  flooding 
of  the  areas  hereinbefore  mentioned. 


w 

(b) 

(•) 

(d) 


(2) 
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To  report  to  the  Lieutenant-Governor  in  Counoil  as  to  what 
steps  might  be  taken,  or  what  remedies  might  be  adopted  to 
remove  or  alleviate  the  danger  of  flooding  and  to  remedy 
the  situation  oaused  thereby  in  the  Bow  River  Valley* 

(3)  To  report  to  the  Lieutenant-  Governor  in  Council  as  to  what 
further  steps  might  be  taken  to  prevent  or  minimize  the 
resulting  damage  to  buildings  and  property  in  the  said  areas* 

II  GENERAL 

Flooding  caused  by  rivers  overflowing  their  banks  has  been 
known  to  man  3ince  the  earliest  Biblical  times*  Geological  history  also  reveals, 
many  evidences  of  flooding  of  ancient  rivers.  Flooding  is  therefore,  of  quite 
common  occurrence*  but  only  becomes  ’news*  when  damage  to  life  and  property 
occurs.  Flooding  may  be  described,  roughly,  as  three  kinds  1- 

(a)  Spring  or  summer  floods; 

(b)  Spring  or  winter  break-up  floods; 

9- 

(o)  Winter  floods* 

In  the  case  of  (b)  and  (c)  ice  is  the  primary  faotor 
causing  flooding,  but  it  is  especially  (c)  or  winter  floods  with  which  thi3 
Commission  has  to  deal* 

(a)  Spring  or  summer  floods  occur  generally  when  unusual 
conditions  of  precipitation,  melting  snow,  or  run-off  happens  which  supply 
a  greater  quantity  of  water  than  the  river  channel  can  immediately  carry. 

Good  examples  are  the  recent  Winnipeg  and  Fraser  River  floods* 
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Th©  preservation  of  forest  cover,  a3  well  as  the  growing 
of  shrubs  and  grasses  to  prevent  denudation  of  river  drainage  areas,  a3  wall 
as  storage,  both  great  and  small,  all  tend  to  hold  the  water  baok  and  lot  it 
out  gradually  into  the  rivers  and  thus  tend  to  prevent  spring  and  summer  floods. 
In  this  connection  it  is  worthy  to  note  and  commend  the  action  of  the  Province 
of  Alberta  and  the  Dominion  Government  on  the  formation  of  the  Eastern  Slope 
of  the  Rocky  Mountains  Conservation  Board,  The  purpose  of  this  Board  is  to 
conserve  the  forest  cover  and  water  supply  with  consequent  regulation  of  the 
rivers  rising  on  the  Eastern  slope  of  the  Rocky  Mountains,  The  effect  of  this 
work  is  of  extreme  iu$>ortance  to  the  three  Prairie  Province  i*rom  the  stand¬ 
points  of  irrigation,  power  development  and  water  supply  for  farms  and  oitiea, 
as  well  as  being  a  factor  in  preventing  spring  or  summer  floods, 

(b)  Spring  or  winter  break-up  floods.  These  oocur  as  a 
natural  condition  of  nature  and  can  be  prevented  by  the  work  of  assisting 
in  providing  an  open  channel  for  the  break-up  before  the  whole  mass  of  ice  is 
ready  to  move  out  and  without  the  ice  jamming.  Examples  of  spring  or  winter 
break-up  floods  recently  were  at  Medicine  Hat  and  on  the  Saskatchewan  River  in 
S&skat  chewan  • 

(o)  Winter  floods.  As  stated  previously,  the  oause  of  winter 
flooding  is  due  to  ioe,  Tihenever  there  is  any  obstruction  in  a  river  it  naturally 
follows  that  the  flow  is  impeded  and  therefore  there  is  a  rise  in  the  river  level 
on  the  upstream  side  whioh  will  be  referred  to,  in  this  report  a  a  a  rise  in  the 
backwater.  It  is  evident,  therefore,  that  where  ice  jams  occur  in  a  river  there 
is  a  rise  in  the  backwater  and  if  the  jam  is  sufficient  to  baok  the  water  up  to 
a  level  higher  than  the  banks  of  the  river,  the  river  overflows  its  banks  at 

i 

this  place  and  flooding  ocours. 


SUMMER  FLOODS  ON  3 GW  RIVER  IN  CALGARY 


'July  1902  flood 


Looking  northerly  at  Bow  Marsh  Bridge  and  site  of  Hillhurst 
district  from  south  shore  of  Bow,  Break  in  wa.ter  surface  in¬ 
dicates  position  of  apron  dam.  of  Eau  Claire  diversion  structure. 


Bow  River  in  flood  on  June  18,  1897.  looking  east.  Note  the 
Lsngevin  Bridge  on  the  left.  The  white  house  Leslie  tne  staole 

is  No.  410  -  4th  St.  East.  This  house  was  owned  hy  Mr.  Birnie. 
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This  ia  a  very  brief  outline  of  the  cause  of  winter  flooding 
and  is  too  general  in  character  to  apply  to  our  specif io  problem  on  the  Bow  River 
so  we  will  digress  for  a  moment  and  describe  the  history  and  development  of  the 
Bow  River  system  and  then  return  to  the  problem  and  treat  of  i  t  under 
Winter  Floods, 

III  HISTORY  AND  DEVELOPMENT  OF  THS  BOW  R IV FIR 

This  matter  will  be  discussed  under  the  following  heads j- 

(a)  Geographical  Descriptions 

(b)  General  Geology; 

(c)  Temperature,  Precipitation  and  Run-off; 

(d)  Power  Possibilities  and  Storage; 

(e)  Power  Developments  and  Storage  Works 

constructed  to  date; 

(f)  Future  development  of  the  Bow  River; 

(g)  Importance  of  Bow  River  developments  to 

the  people  of  Alberta. 

(a)  Geographical  Description.  The  Bow  River  rises  at  Bow 
Lake  at  an  altitude  of  6,800  feet.  This  Jake  i3  situated  some  52  miles  west  of 
Banff  on  the  Continental  Divide  between  Alberta  and  British  Columbia.  • 

The  main  tributaries  west  of  Calgary  are  Spray,  Cascade, 
Kananaskis,  Ghost  and  Jumping  Pound.  The  Blbcar  joins  the  Bow  at  east  Calgary  - 
and  forms  the  water  supply  of  that  City. 

The  Spray  also  rises  near  the  Continental  Divide  and  flows 
in  a  northerly  direction  and  enters  the  Bow  just  east  of  Banff. 

The  Cascade  River  rises  north  of  Banff  and  flows  into  Lake 
Hinnewanka  and  than  into  the  Bow  a  faw  miles  east  of  Banff. 

The  Kananaskis  River  rises  at  Kananaskis  Lakes  near  the 
Continental  Divide,  some  fifty  miles  east  of  Banff  and  outers  the  Bow  at  Soebe, 
a  faw  miles  east  of  Sxshaw. 
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The  Ghost  River  rises  near  the  aouroe  of  the  Cascade  River 


an ^  flows  in  easterly  direction  to  enter  ^ne  Bow  some  ten  miles  v/est  01 
Cochrane* 


The  Jumping  Pound  i3  a  comparatively  short  river  with  a 
smaller  drainage  area  and  rises  in  a  foothill  area  and  flows  in  a  northerly 
direction  to  enter  the  Bow  a  few  miles  west  of  Coohrane* 

The  Elbow  is  a  long  river,  rising  near  the  Continental  Divide 

in  the  vicinity  of  the  source  of  the  Kananaakis  River  and  flows  in  a  nprth- 
easterly  direction  to  enter  the  Bow  at  East  Calgary* 

The  significant  features  of  the  Spray,  Casosde  and  Kananaskis 
Rivera  are  that  they  rise  in  the  high  mountainous  area,  are  glacier  fed,  and 
have  lakes  at  their  head,  or  flow  into  lakes  enroute  to  the  Bow,  also  the 
upper  reaches  of  the  Ghost  River  is  in  proximity  to  Lake  Minnewanka. 

In  general,  the  characteristics  of  all  these  rivers,  with 
their  tributaries  including  the  Bow,  are  that  of  turbulent  rivers  with  high 
gradient  and  ri3e  in  the  high  land  under  conditions  of  snow  and  ice,  so  that 
for  more  than  half  the  year  Idler e  is  a  great  variation  in  flow  between  the 
winter  and  summer  months. 


(b)  General  Geology*  All  of  these  rivers  take  their  rise 
and  flow,  due  to  the  uplift  of  the  Rocky  Mountains  during  past  geological  time* 
when  the  limestone  beds  formed  from  the  old  sea  which  covered  the  whole  of 
Alberta  were  thrust  up  to  the  surface  to  fora  the  Rooky  Mountain  barrier.  The 
rivers  with  their  source  in  the  Rooky  Mountains  flow  through  the  oomplete 
geological  section  from  the  Cambrian  to  the  Upper  Cretaceous.  In  general, 
the  older  rocks  are  quartzite  and  limestones,  while  the  latter  are  composed 
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largely  of  shales  with  alternating  layers  of  thinly  bedded  sandstones.  The 
nature  of  the  topography  of  the  B  ow  Biver  Valley  h&3  been  determined  by  these 

geological  conditions,  for  example *- 

In  the  area  of  Hooky  Mountain  uplift,  the  altitude  of  the 

Bow  is  some  6,860  feet.  It  follows  a  tortuous  course  to  the  south  east  down 
a  flat  bottomed  valley  for  90  miles  before  emerging  from  the  mountains  at 
Seebe  at  an  elevation  of  4,200  feet.  This  course  is  through  older  and  more 
resistant  rocks.  From  this  point  on,  it  flows  through  a  foothill  country 
composed  of  alternate  sandstone  and  shales.  The  shales  are  easily  eroded, 
but  the  sandstone  bands,  being  less  easily  eroded,  form  waterfalls  or  riffles, 
and  in  some  cases  provide  suitable  foundations  for  dam  sites.  The  nearer  to 
Calgary  the  younger  and  more  easily  eroded  rocks  occur.  Calgary  is  3ome  55  miles 
from  Seebe  and  the  elevation  of  the  former  is  3,403  feet  or  a  drop  in  the  river 
level  of  some  800  feet.  The  result  of  these  conditions  is  that  in  general 
the  valley  of  the  river  west  of  Calgary  to  Seebe  is  more  or  less  deeply  en¬ 
trenched. 

(o)  Temperature.  Precipitation  and  Run-dff  are  the  prin¬ 
cipal  factors  affecting  stream  flow.  During  extremely  cold  weather,  the  flow 
of  a  river  or  tributary  may  be  entirely  curtailed  by  the  formation  of  ice. 

On  the  other  hand,  in  the  event  of  Chinooks  or  warm  weather  there  is  a  rising 
stage  in  the  river.  Hun-off  may  be  rapid  or  slow,  dependent  on  the  nature  of 
the  drainage  area.  Bare  rocks  or  areas  denuded  of  forest  cover,  or  forest 
growth,  have  a  rapid  run-off.  On  the  other  hand  drainage  areas  with  forest 
cover,  swamps  and  lakes,  serve  as  a  ‘blotting  paper*  to  hold  baok  the  water 
and  give  it  out  gradually. 
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The  average  precipitation  of  the  Bov  Valley  i3  comparatively 
crna.ll  being  about  21*7  inches  per  year  at  Baxuf  ox  which  7*7  inches  is  o.us  uo 
anew  and  ice.  The  latter  is  therefore  locked  in  during  the  fall  and  winter 
months  resulting  in  a  minimum  flow  during  this  period* 

The  hydrograph  on  Fig,  2  will  serve  to  illustrate  the  extreme 

variation  in  natural  flow  which,  unless  corrected  by  means  of  storage  or  con¬ 
servation  of  water  by  man-made  works,  would  limit  the  river  to  a  very  minor 
role  in  providing  power  for  the  development  of  Alberta, 

In  this  connection  it  ia  interesting  to  quote  from  a  letter 
written  by  lit**  C,  K*  Mitchell,  Consulting  Engineer,  in  March  1914  to  the  then 
Superintendent  of  the  Water  Power  Branch  at  Ottawa,  when  submitting  his  report 
cn  the  original  investigations  of  the  Bow  River t- 

"The  Bow  River  is  peculiar  in  that,  in  its  natural 
condition,  its  high-summer  flow  discharge  is  up¬ 
wards  of  seventy  times  its  low-water  winter  dis¬ 
charge,  a  condition  which  obviously  renders  its 
use  in  its  present  3tate,  unsuitable,  inefficient 
and  commercially  unfeasible  for  power  purposes* 

The  investigations  which  have  been  carried  on 
during  the  past  two  years,  the  result  of  which  have 
been  embodied  in  the  general  report  to  Mr,  Hendry 
and  in  which  I  have  collaborated,  indicate  that  if 
the  Bow  River  is  to  be  an  efficient  commercial  source 
of  power  and  at  the  same  time  to  afford  an  ample 
water  supply  for  irrigation  purposes,  it  is  absolutely 
necessary  that  the  river  be  regulated  and  controlled 
so  as  to  ensure  a  fixed  and  useful  supply  of  water 
continuously  throughout  the  year*" 

This  was  written  before  the  full  extent  of  the  variation 
on  the  Bow  was  appreciated.  It  is  now  estimated  that  the  unregulated  flow  of 
the  Bow  in  high  summer  flood  would  be  some  300  times  the  unregulated  nHrHnar^ 
winter  flow.  It  is  apparent,  therefore,  that  the  power  possibilities  could  only 
be  secured  by  regulated  flow,  involving  dams  to  store  summer  run-off  water  and 
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give  it  out  in  the  winter  months. 
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(d)  Power  Possibilities  and  Storage.  Although  the  Bow- 
River  in  its  natural  state  was  unsuited  for  power  development  fortunately , 
lakes  near  the  headwaters  of  the  large  tributaries  could  be  enlarged  by  the 
construction  of  dams  and  used  for  storage  purposes*  These  lakes  are  ^innewainca, 
Soray  and  Xananaskis*  Xt  wa3  also  fortunate  that  these  lances  were  situated  at 
high  altitude  and  the  consequent  high  gradient  of  the  Bow  and  its  tributaries 
made  a  number  of  power  sites  available  that  oould  be  developed  to  U3©  the  water 
over  and  over  again  downstream  after  storage  facilities  had  been  provided. 

(©)  Power  Development  and  Storage  Works  Constructed  to  date. 
Now  follows  1-  "The  History  of  Bydro-Eleotrio  Development  on  the  Bow  River”* 
"Operation  of  Calgary  Power  Plants  and  Storages  on  the  Bow  River”  taken  from 
the  brief  of  the  Calgary  Power  Ltd*  as  submitted  to  the  Commission.  This  ia 
factual  information  and  is  aooeptedi- 

HISTORY  0?  HYDRO-ELECTRIC  DEVELOPMENT  ON  THE  5C»Y  RIVER 


"The  first  hydro-electric  development  on  the  Bow  River 
wa3  that  of  the  Calgary  Water  Power  Company  in  Calgary  in  1891*  This  initial 
installation  was  a  low  head  development  of  780  h.p*  It  was  operated  in 
parallel  with  a  stream  plant  to  supply  power  to  customers  in  the  central  part 
of  the  City  as  veil  as  meet  the  requirements  of  the  parent  lumber  industry* 
Owing  to  persistent  trouble  with  ice  it  was  subject  to  winter  shut-down  and 
hence  oould  only  be  regarded  as  a  source  of  secondary  energy  to  replace  steam 
generation  when  available*  It  continued  to  operate  until  1928  when  taken 
over  by  Calgary  Power  Ltd* 

"The  first  plant  constructed  by  Calgary  Power  Ltd*  was  that 
at  Horseshoe  Falls  begun  in  1909  and  placed  in  operation  in  1911  to  supply  a 
5,000  h*p  contract  with  the  Canada  Cement  Company,  a  3,000  h*p*  contract  with 
the  City  of  Calgary,  and  another  small  contract  with  the  Village  of  Coohrane* 
This  plant  was  a  pioneering  enterprise  undertaken  before  any  reoord  of  stream- 
flow  measurement  was  available*  It  had  only  a  small  forebay  to  accommodate 
hourly  variations  in  load,  and  when  it  was  placed  in  operation  it  was  found 
that  not  only  was  normal  winter  flow  much  lower  than  anticipated,  but,  more¬ 
over,  in  severe  winter  weather  for  periods  of  four  or  five  days  on  end  the 
river  flawisras  arrested  by  ice  jams  upstream  and  the  plant  output  reduced  to 
2,500  h.p  or  less. 
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The  immediate  need  for  s  torage  upstream  was  apparent,  and 
in  1912  a  reservoir  of  44,000  acre  feet  capacity  was  created  at  Lake  Minnewanka* 
This  was  followed  in  1913  by  the  completion  of  the  Kanana3kio  Fall3  plant,  an¬ 
other  run— of —river  development,  to  enable  the  Company  to  meet  the  contract 
demands  of  it3  customers,  and,  whereas  the  Horseshoe  plant  had  been  designed 
to  utilize  2,700  c.f.s.  of  water  the  Kananaskis  capacity  wa3  reduced  to  1,900 
c.f.s.  in  an  attempt  to  oonform  with  actual  water  available*  Sven  this  reduced 
caoacity  wa3  more  than  the  river  could  supply  when  at  times  during  the  winter 
the  natural  flow  fell  as  low  as  300  c.f.s. 

nThe  Minnew&nka  reservoir  had  been  constructed  having  in 
mind  the  varying  release  of  water  to  suit  the  changing  requirements  at  the 
power  plants,  but  it  proved  to  be  too  far  upstream  for  the  water  to  reach 
the  plants  unimpeded  by  ice  in  cold  winter  weather,  the  very  time  it  was  most 
needed*  Obviously,  the  only  remedy  to  this  trouble  was  the  construction  of 
a  power  plant  at  the  outlet  of  a  large  reservoir,  thus  affording  a  dependable 
power  supply  to  make  up  deficiencies  elsewhere  regardless  of  weather  conditions* 
Intensive  study  disclosed  several  such  projects,  particularly  the  Cascade  site 
of  23,000  h.p.  which  involved  enlarging  the  Minnewanka  storage  to  180,000 
acre  feet* 


"Unfortunately  the  Company  was  precluded  from  developing 
either  the  Spray  or  Cascade  sites  by  reason  of  complications  in  connection 
with  the  Banff  National  Park*  In  the  meantime  the  Company*  s  business  was 
changing  from  the  wholesale  supply  of  two  large  customers.  Commencing  in 
1927  it  embarked  on  a  programme  of  expansion  of  transmission  and  distribution 
facilities  in  the  southern  half  of  Alberta.  At  the  same  time  the  Company* 3 
generating  facilities  were  becoming  inadequate  and  it  was  forced  to  turn  its 
attention  to  several  undeveloped  sites  on  the  Bow  River  below  its  plant.  The 
Ghost  3ite  some  15  miles  below  Horseshoe  plant,  was  chosen  as  providing  the 
most  storage  in  combination  with  a  power  development  and  construction  was 
undertaken  in  1928*  The  head  was  raised  to  110  feet  as  compared  with  the 
50  feet  originally  proposed  in  Water  Resources  Paper  No.  2  and  the  necessary 
storage  thus  obtained.  At  the  same  time  the  location  of  the  power  station 
on  the  downstream  face  of  the  main  dam  made  it  possible  to  install  additional 
capacity  at  a  relatively  low  incremental  cost,  and  the  plant  was  designed  to 
oarry  peak  loads.  Two  18,000  h.p.  units  plus  one  1,450  h*p.  unit  was  installed 
with  provision  left  for  the  installation  of  a  third  18,000  h.p.  unit  at  a 
later  date.  The  1,450  h.p.  unit  is  capable  of  discharging  150  c,f.s.  and  was 
provided  to  maintain  a  small  flow  in  the  river  during  off  peak  hours  when  the 
plant  would  otherwise  be  shut  down  completely.  Vftien  all  three  existing  machines 
are  operating  at  full  load  the  plant  is  capable  of  discharging  3,700  c.f.s. 

"The  Ghost  plant  was  brought  into  operation  late  in  1929, 
and  the  additional  energy  available  made  necessary  a  still  further  search 
for  new  markets.  A  transmission  line  was  constructed  to  Edmonton  for  inter¬ 
connection  with  the  steam  plant  of  that  City  and  resulted  not  only  in  pro¬ 
viding  a  market  for  the  Company*  3  surplus  energy,  but  also  in  enabling  the 
Company  to  call  upon  Edmonton  for  any  deficiency  that  might  occur  during  the 
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during  the  low  water  months  of  winter.  The  power  supply  of  the  Province  was 
thus  strengthened  and  added  impetus  given  to  widespread  distribution  of 
electric  service. 

"Unfortunately  this  programme  of  expansion  was  followed 
shortly  by  the  depression  and  later  by  a  period  of  relatively  poor  crops. 

The  demand  for  power  fell  off  and  there  was  urgent  need  for  retrenchment. 

The  Company,  however,  retained  its  faith  in  the  future  of  Alberta  and  con-* 
tinued  to  chart  a  course  for  still  greater  expansion  to  meet  the  needs  which 
it  was  confident  would  come  again.  Being  denied  the  Cascade  and  Spray  sites, 
it  continued  the  searoh  for  storage  and  power  and  turned  in  1931  to  the 
Upper  Kananaskis  Lake. 

"In  Water  Resources  Paper  No.  2  the  storage  possibilities 
of  the  Kananaskis  Lakes  were  adversely  reported  on  (see  page  116).  The 
Company,  however,  was  not  satisfied  and  began  detailed  surveys  in  1930-31. 

The  resulta  indicated  that  both  storage  and  power  could  be  obtained  economic¬ 
ally  on  the  Upper  and  Lower  Lakes.  Construction  was  undertaken  immediately 
and  an  initial  reservoir  of  38,000  acre  feet  capacity  wa3  created  on  the 
Upper  Lake  in  1932. 

nThe  Company  emerged  from  the  depression  with  generating 
facilities  in  excess  of  load  requirements,  but  with  the  approach  of  war  the 
demand  again  began  to  rise  and  in  1940  the  signing  of  a  contract  with  the 
Ammonia  plant  being  constructed  south  of  Calgary  necessitated  further 
expansion  on  the  part  of  the  Company.  In  the  meantime  the  Company  was  at 
last  successful  in  getting  permission  to  proceed  with  the  Minnew&hka 
Development  as  a  war  measure,  it  being  a  more  economical  source  of  power 
than  the  Kananaskis  Lakes  and  lending  itself  to  faster  development.  Cons¬ 
truction  of  this  pro j sot  was  undertaken  immediately  and  was  followed  by  a 
logical  sequence  of  development  at  Upper  Kananaskis  Lake,  Barrier,  Spray 
and  the  extension  of  existing  plant  at  Kananaskis  Falla  —  all  as  the 
economic  development  of  the  Province  unfolded,  the  Company  being  finally 
successful  in  removing  the  obstacles  to  the  Spray  Development.  These 
latter  plants  require  no  detailed  description  in  this  brief.  They  have  been 
built  in  accordance  with  a  carefully  planned  programme  and  their  significant 
data  can  be  obtained  from  Table  Ik).  1,  which  lists  the  growth  of  the 
Company  to  date. 


"Paralleling  the  expansion  of  the  Company*  s  generating 
facilities  there  has,  of  course,  been  a  corresponding  growth  in  the  trans¬ 
mission  and  distribution  network  until  today  the  system  of  the  Calgary 
Power  Ltd.  extends  over  most  of  the  southern  part  of  the  Province,  not  only 
supplying  the  needs  of  large  urban  centres  but  also  bringing  the  advantages 
of  low  coBt  power  to  outlying  districts.  The  present  extent  of  the  system 
i3  shown  in  Figures  3  and  4.  Electric  energy  is  sold  in  bulk  to  the  cities 
of  Calgary  and  Red  Deer  and  the  towns  of  Cardston,  Maoleod  and  Ponoka,  as 
well  as  to  some  169  industrial  users  of  which  the  largest  are  the  Alberta 
Nitrogen  Products  and  the  Canada  Cement  Company.  Likewise  the  Company 
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retails  electricity  in  the  City  of  Wetaskiwin  and  in  some  39  towns  and  villages, 
and  it  is  significant  to  point  out  that  before  the  Company  entered  this  field 
such  of  the  towns  as  had  electric  light  systems  7/ere  selling  their  energy  at 
rates  varying  between  15  and  20  cents  per  k,w,h,  whereas  the  present  average 
price  charged  by  the  Company  to  its  domestic  consumers  is  3*13  cents  per  k,w,h, 

"Directly  and  through  Farm  Electric  Services  Ltd,,  a  non¬ 
profit  subsidiary  of  Calgary  Power  Ltd,,  some  11,000  farms  are  now  electrified 
and  this  service  continues  to  expand, 

"Indicative  of  this  vast  expansion  in  the  service  of  the 
Province  is  the  fact  that  the  Company*  s  annual  load  is  now  over  700,000,000  k.w* 
hrs.  whereas  the  annual  load  of  ten  years  ago  wa3  less  than  200,000,000  k,w,h rs,5! 
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1951  Xananaskis  Plant  ?2  1,800  12,000  209,050  535,000  Third  unit  added 

Extension 
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M  OPERATION  OF  CALGARY  PCM  SR  PLANTS  AND  STORAGE  ON  THE  BOW  RIV  5R;< 

"Power  progressiva  development  of  the  Bow  River  for  hydro¬ 
electric  power  as  described  in  the  preceding  paragraph  has  resulted  in  a  series 
of  changes  in  the  natural  regimen  of  the  stream*  At  the  ri3k  of  over-simpli¬ 
fication,  these  changes  have  been  grouped  into  five  phases *- 

(1)  Those  following  the  construction  of  the  Calgary  Water 
Power  Company  hydro— el eo trio  plant  and  weir  at  Calgary 
in  1391  and  1894  respectively. 

(2)  Those  following  the  construction  by  Calgary  Power  Ltd. 
of  the  Horseshoe  and  Kananaskis  Falla  plants  in  1911  and 
1913  respectively  and  the  original  storage  on  Lake 
Minnewanka  in  1912. 

(3)  Those  following  the  addition  of  the  Gholt  plant  in  1929 
and  Upper  Kananaskis  Lake  storage  in  1932. 

(4)  Hiose  following  the  addition  of  the  Casoade  development 
and  the  Upper  Kananaskis  Lake  storage  in  1942. 

(5)  Those  following  the  addition  of  the  three  Spray  plants 
and  i^^ray  storage  in  1951. 

”The  record  of  regulated  daily  flows  and  of  calculated 
natural  weekly  flows  of  the  Bow  River  at  Calgary  is  available  from  1912  to  date. 
Biese  have  been  utilised  on  Figure  5  to  plot  ths  seven-day  mean  flows  for  the  ' 
months  of  November,  December  and  January  and  thereby  illustrate  the  changing 
effeot  of  storage  during  the  last  four  phases. 

"Figure  6  is  a  plotting  of  average  daily  flows  at  Calgary 
for  the  month  of  December  in  a  typical  year  of  each  of  the  last  four  phases* 

On  this  graph  has  also  been  plotted  the  average  daily  temperatures  to  indi¬ 
cate  the  changing  relationship  between  temperature  and  regulated  flov. 

"Figure  7  is  a  plotting  of  hourly  flows  at  Ghost  and  at 
Calgary  for  a  typical  month  in  early  winter  to  illustrate  the  cyclical  patterns 
of  the  regulated  flow  of  the  river. 

"The  first  phase  of  operation  had  no  effeot  on  the  natural 
flow  of  the  Bow  above  the  Eau  Claire  weir.  .  Moreover,  the  effeot  on  flow  below 
the  weir  was  very  slight.  A  canal  conducted  the  water  from  above  the  weir  to 
the  power  station  some  3900  feet  downstream,  where  the  installation  consisted 
of  seven  small  turbines  with  total  capacity  of  780  h.p.  capable  of  discharging 
about  eighty  o.f.s.  under  the  installed  head  of  twelve  feet.  Ice  coming  down 
the  river  jammed  in  the  log  channel  above  the  weir  and  gave  rise  to  much  trouble 
in  operation  of  the  canal.  The  plant  was  entirely  unreliable  in  winter  and  was 
frequently  shut  down  for  as  long  as  several  months  at  a  time.  It  was  taken  over 
by  Calgary  Power  Ltd.  in  1928  and  was  operated  for  the  last  time  in  November  1929." 


. 
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**In  the  second  phase,  beginning  with  the  construction 
of  the  Horseshoe  and  Kananaakis  plants  and  the  first  reservoir  at  Luxe 
Minnew&nka,  s ome  ohanges  v/ere  introduced  in  uhe  regisien  of  river  xiow  rea^ning 
Calgary,  but  the  total  effect  wa3  still  very  slight,  particular  *rj  in  »>ne 
earlier  years*  The  Company  operated  a  mere  44,000  acre  foet  of  storage  and 
henoe  had  little  control  over  the  atreaaflow,  the  water  being  used  more  or 
less  as  it  arrived  at  the  plants#  During  this  time  the  Company1  a  principal 
loads  consisted  of  the  City  of  Calgary  and  the  cement  plant  at  Exahaw,  and 
until  1924  neither  of  these  caused  much  fluctuation  in  winter  demand*  Prior 
to  1924  the  contract  vdth  Calgary  was  on  a  horsepower  basis  with  the  hydro 
plants  at  Seebe  supplying  base  loads  up  to  a  specified  maximum  horsepower 
when  water  was  available,  and  the  steam  plant  at  Victoria  rark  supplying 
the  variable  capacity  to  meet  the  peaks*  The  Cement  Plant  at  Bxahaw  was 
closed  dcsra  in  wintertime  and  its  power  requirements  fall  to  negligible 
proportions# 

"Beginning  in  1924  the  new  contract  with  Calgary  called 
for  supply  of  maximum  possible  energy  from  the  Company’ s  hydro  plants  with 
the  deficiency  to  be  made  up  from  Victoria  Park.  This  wa3  followed  by  more 
efficient  operation  on  the  part  of  the  Company  and  greater  fluctuations  in 
streamflow  were  introduced  as  load  was  proportioned  between  Horseshoe  and 
Kananaakis  in  an  endeavour  to  keep  turbines  loaded  at  point  of  best  ef¬ 
ficiency*  Even  so,  it  was  not  until  1927  that  Horseshoe  plant  was  shut  down 
at  night,  and  then  <?j£.y  on  rare  occasions* 

"In  the  third  phase,  after  the  introduction  of  the  Ghost 
plant  and  the  first  storage  on  Upper  Xananaskis  Lake,  there  were  two  changes 
in  operation  that  affected  the  regulation  of  the  3ow*  In  the  first  place, 
the  addition  of  38,000  aere  feet  of  storage  at  Upper  Xananaskis  raised  winter 
flows  slightly*  (see  Figure  5)  The  effect  of  the  75,000  acre  feet  of 
storage  at  Ghost  plant  was  less  noticeable,  since  this  water  was  retained 
all  during  the  winter,  in  order  to  keep  up  the  head  of  the  plant,  and  was 
then  used  quickly  over  a  period  of  about  three  weeks  immediately  preceding 
the  arrival  of  rising  natural  flows  in  the  spring*  In  the  second  place, 
hourly  variations  in  load  were  carried  at  Ghost  Plant  and  caused  fluctuations 
in  river  flow  to  be  more  noticeable  in  Calgary  on  account  of  the  proximity 
of  the  plant  to  the  City#  Ghost  plant  is  located  34  miles  upstream  of  the 
city  limits  as  oomp&red  with  49  miles  in  the  case  of  Horseshoe,  and  the 
fluctuations  reach  Calgaryvtth  a  lag  of  8  to  11  hours  for  maxima  and  11  to 
15  hours  for  minima  depending  somewhat  on  the  actual  quantity  of  water 
flowing  and  the  amount  of  ioe  in  the  river  channel .  This  phenomenon  is 
illustrated  in  Figure  7* 

"The  Ghost,  moreover,  has  a  greater  capaoity  than  Horseshoe 
and  can  discharge  3,700  o.f.s*  as  compared  with  2,700  c*f*s*  for  the  latter# 
This  was  a  second  faoior  tending  to  increase  fluctuations  noticed  at  Calgary, 
although  it  did  not  approach  its  maximum  effect  until  the  ooming  of  war  caused 
a  sharp  inorease  in  the  demand  for  power* 
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"It  should  also  be  pointed  out  that  during  this  third 
phase  there  began  a  tendency  to  reverse  the  natural  Mincer  -i-iow  pa-^ra  oi 
the  river*  In  preceding  years  when  cold  weather  arrived  the  flow  of  the  Bow- 
fell  and  the  resulting  shortage  of  hydro-eleotrio  energy  at  Horseshoe  and 
Kananaskis  plants  was  made  up  by  steam  plant  generation  in.  Calgary*  Alter 
the  addition  of  Ghost  plant,  however,  suoh  deficienoies  were  made  up  by  in¬ 
creasing  the  generation  at  Ghost#  Hence,  periods  oi  low  tempera ^ure  were 
likely  to  be  followed  by  increased  discharge  of  the  Bow  through  Calgary* 
Conversely,  during  Chinook  periods  when  the  natural  flow  of  the  Bow  River 
rose  through  Horseshoe  and  K ananas ki a  plants  there  wa.3  a  te  denoy  to  reduce 
generation  at  Ghost  and  hence  to  discharge  a  smaller  quantity  of  water  through 
Calgary*  It  is  difficult  to  determine  the  magnitude  of  this  change  since 
other  influences  suoh  as  the  interconnection  with  other  power  systems  also 
affected  the  pattern  of  the  Company*  3  load*  The  general  effect,  however, 
can  be  seen  on  Figure  6* 

"In  the  fourth  phase,  with  the  addition  of  the  Cascade 
plant  and  Upper  Kananaskis  storage  in  1942,  the  storage  operated  by  the 
Company  above  Seebe  was  increased  from  84,000  acre  feet  to  280,000  acre  feet 
and  the  winter  flow  of  the  Bow  at  Calgary  was  likewise  raised*  See  Figure  5* 
The  hourly  fluctuations  below  Ghost  followed  the  same  pattern  a?  established 
in  the  third  phase  but  "fluctuations  were  accentuated  owing  to  the  greater 
dependence  on  the  system  on  Ghost  plant  for  peak  operation*  See  Figure  7* 
During  the  wintertime  it  was  necessary  to  operate  the  Cascade,  Horseshoe  and 
Kananaskis  plants  at  high  load  factor;  the  Casoade  plant  in  order  to  withdraw 
the  storage  water  from  Lake  Minnewranka  for  use  in  plants  downstream,  and  the 
Horseshoe  and  Kananaskis  plants  in  order  to  pass  the  increased  flow  of  the 
river  without  wastage  of  water*  This  left  the  fluctuating  of  load  demand  to 
be  carried  principally  by  Ghost  plant*  It  should  be  pointed  out,  however,  * 
that  with  increased  generation  of  Ghost  plant  the  number  of  hours  of  shut¬ 
down  of  the  two  large  turbines  was  redueed* 

"The  fifth  (and  present)  phase  of  hydro-eleotrio  operation 
on  the  Bow  River  differs  from  the  fourth  in  that  still  more  storage  has  been 
added  upstream  at  the  Spray  development  (and  at  the  Barrier  plant)*  The  total 
storage  above  Seebe  is  now  510,000  acre  feet  and  the  regulated  winter  flow  has 
again  been  raised*  See  Figure  5* 

"It  is  to  be  noted,  however,  that  this  immense  increase  in 
storage  above  Seebe  has  not  resulted  in  a  proportionate  rise  in  the  regulated 
flow  of  the  river*  There  are  two  reasons  for  thi3*  In  the  first  place,  as 
storage  is  increased  its  effect  in  raising  the  level  of  regulated  flows  is 
reduced  since  it  must  be  distributed  over  an  increasingly  longer  period  of 
the  year*  This  oan  be  confirmed  by  examining  the  hydrograph  of  Figure  2* 
and  noting  the  greater  length  of  the  storage  drawn-down  period  as  the  level 
of  regulation  flow  is  raised*  In  the  second  place  the  210,000  acre  feet 
of  storage  provided  in  the  Spray  Valley  and  the  180,000  acre  feet  of  storage 
in  Lake  Iftnnewajnka  are  a  good  deal  more  than  oan  be  replenished  in  a  normal 
year* 
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"With  the  addition  of  88,600  h.p,  in  the  three  Spray  power 
plants  the  Company  has  excess  generating  capacity  for  the  first  time  in  oen 
years.  Hence,  during  the  past  winter  it  has  been  possible  to  experiment  with 
a  uniform  discharge  through  the  Ghost  plant  while  fluctuations  in  load  were 
taken  at  the  plants  upstream.  This,  however,  is  a  temporary  condition  and 
with  the  current  rate  of  load  growth  it  will  be  necessary  in  tne  winter  ox 
1952-53  to  carry  a  share  of  the  variations  in  system  load  at  Ghost  plant. 

This  will  produoe  fluctuations  of  river  flow  in  Calgary  somewhat  similar 
to  those  prevailing  during  the  latter  part  of  phase  4,” 


(f )  Future  Developments  of  the  Bow  River*  Hers  again  us# 
has  been  mad#  of  the  Calgary  Power  Ltd,  brief 

"Future  Development  of  the  Bow  River" 


"With  the  exception  of  the  initial  over-installation  at 
Horseshoe  and  Kananaskis  Falls  sites  in  1911  and  1913  due  to  lack  of  a  reliable 
record  of  streamflowa,  the  development  of  the  Bow  River  to  date  has  followed 
an  orderly  and  well  thought  out  plan  to  obtain  maximum  benefit  from  this  great 
natural  resource  for  the  people  of  Alberta,  First  came  the  construction  of 
the  two  power  plants  at  the  cheapest  sites  on  the  river  at  which  a  start  could 
be  made.  Horseshoe  and  Kananaskis  Falls,  Then  followed  the  development  of 
storage  at  Lake  Kinnewanka,  Ghost,  Upper  Kananaskis  and  Spray  which  has 
permitted  progressively  greater  utilisation  of  water  by  storing  floods  flows 
for  use  during  the  flow  months  of  wi  /ter*  Therever  feasible,  the  development 
of  storage  has  been  combined  with  power  installations  such  as  at  Ghost, 

Cascade  and  Spray  to  taks  maximum  advantage  of  t  a  fall  on  the  river,  until 
the  Company*s  total  installed  capacity  has  increased  to  209,000  h,p.  The 
creation  of  storage  has,  moreover,  improved  the  power  potential  of  the 
remainder  of  the  river  and  rendered  feasible  the  ultimate  development  of  some 
575,000  h,p,  a3  shown  in  the  tabulation  below.  In  examining  these  figures 
it  is  interesting  to  recall  that  in  the  original  estimate  of  power  available 
on  the  Bow  River  published  in  Water  Resources  Paper  No,  2  the  power  possibilities 
of  the  Spray,  Cascade  and  Kananaskis  valleys  were  overlooked  and  the  total 
potential  of  the  river  given  as  48,175  continuous  h,p,  or  96,350  h.p.  at 
50%  load  factor," 
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n ULTIMATE  HYDRO-ELECTRIC  DEVELOPMENT  OP  THE  BON  RIVER**  ♦ 


Projeot 


Head  Feat 


Proposed  Capacity  BHP  Storage  Acre  feet 


Interlakea 
(Upper  Kananaskia 


Lake  ) 

100  to 

76 

Pocaterra 

226 

Lao  des  Arcs 

65  to 

32.5 

Russell 

141  to 

101 

Radnor 

60 

Glenbow 

100 

Baarspaw 

66 

Calgary  Hater 

Power  Plant 

Reconstruction 

24.5 

Cheatermere 

47.5  to  38* 

Shepard  300x 

Total  proposed  oapaoity 
Existing  System 


4,500 

0 

19,000 

53,000 

17,000 

130,000 

73,000 

78,000 

33,000 

0 

43,000 

0 

25,000 

0 

9,000 

0 

12,500 

0 

12  ",000 

51,000 

368,000 

312,000 

}  >  -  y 

585,000 

209,000 

575,000 


897,000 


x  Subject  to  solution  of  ice  problem  in  W.I.D.  Canal* 

"It  will  be  noted  in  the  above  tabulation  that  relatively 
large  capacities  are  planned  for  installation  in  the  plants  on  the  main  river* 

Thus  to  obtain  maximum  utilization  of  water,  using  the  extra  capacity  of  the 
main  river  plants  to  take  advantage  of  the  high  flows  of  summer  while  the 
storage  plants  of  the  Kananaakis,  Spray,  and  Cascade  Valleys  are  run  at 
reduced  load  or  olosed  down  entirely  to  store  water  for  the  winter.  The 
installations  contemplated  for  the  main  river  plants  are  also  somewhat  large 
since  their  locations  relatively  near  the  load  centre  will  make  it  ad¬ 
vantageous  to  use  them  to  meet  peak  loads  while  obtaining  k.w.hrs.  from 
steam  generation  or  long  distance  of  hydro  energy.1* 

(g)  Importance  of  Bow  River  Development  to  the  people  of  Albert 

From  Section  (e)  which  deals  with  the  history  of  power  developments  and  storage 

on  the  Bow  River  done  by  Calgary  Power  Ltd*  it  will  be  noted i- 

(1)  Before  the  creation  of  storage  the  original  Horseshoe 

Falls  power  plant,  constructed  in  1911,  was  only  capable  of  producing  2,500  h.p. 


or  less  during  the  winter  months. 


. 
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(2)  By  the  succe salve  development  of  storage  works  at 
liinnewanka,  Kananaskis  and  Spray  Lake*  totalling  some  53o,GbO  acre  xeec,  the 
power  potential  of  the  river  has  been  increased  by  the  installation  of  a  total 
of  209,050  h.p.  at  eight  plants.  In  addition,  the  creation  of  storage  maks3 
this  water  available  at  power  site  lower  down  the  river  so  that  an  ultimate 

development  of  some  575,000  h.p.  can  be  secured* 

(3)  One  index  of  the  prosperity  of  a  country  la  the 
consumption  of  power.  An  indication  of  this  expansion  i3  evident  from  the 
fact  that  the  Calgary  Power  Ltd.  annual  load  ha3  increased  from  200  million 
k.w.  hrs.  leas  than  ten  years  ago,  to  over  700  million  k.w*  hrs.  at  the  present 
time. 

Generally  speaking,  elsewhere  in  Canada,  power  development 
is  less  dependent  on  the  construction  of  dams  for  artificial  storage  and  as 
the  natural  flow  of  our  great  rivers  do  not  have  such  a  wide  variation  of 
summer  to  winter  flow  as  compared  with  the  Bow  River,  the  cost  of  power 
development  is,  therefore,  less.  The  ultimate  development  of  the  Bow  River 
will  consist  of  a  number  of  comparatively  small  plants  using  storage  -water 
during  the  winter  months  in  successive  stages  from  Spray  Lakes  to  the  Prairie 
area,  east  of  Calgary. 

It  is  believed  that,  with  few  exceptions,  such  as  Pocaterra 
and  Shepard  storage  sites,  the  storage  programme  is  almost  completed.  The  whole 
is  a  well  conoeived  engineering  plan  and  if  the  Bow  River  had  been  left  to  its 
natural  unregulated  flow  the  whole  of  the  industrial  and  domestic  power  outlook 
of  Alberta  would  have  been  changed. 


. 
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The  engineering  development  has  not  been  confined  to  water 
power  alone,  but  this  power  has  been  distributed  over  a  net-work  of  transmission 
lines  to  practically  all  oities  and  towns  within  an  area  extending  over  a  large 
portion  of  the  Province, 

These  lines  are  connected  under  exchange  agreement  with 
Canadian  Utilities  Limited,  cities  of  Edmonton  and  Lethbridge,  so  that  power 
may  be  made  available  one  to  the  other  (see  Figures  3  and  4),  This  system  is 
unique  in  as  muoh  as  there  are  very  few  places  where  power  in  quantity  is  used 
and  the  average  length  of  transmission  lines  to  serve  small  users  is  greater 
than  almost  anywhere  else.  As  Alberta  becomes  mors  industrialized  thi3  picture 
will*  no  doubt,  be  changed. 

Power  is  supplied  to  many  cities  and  small  towns  in  Alberta 
at  a  price  of  about  one-fifth  that  previously  charged  by  local  systems.  Some 
11,000  farms  are  now  electrified  and  additional  extensions  are  being  installed 
each  year.  This  work  is  being  done  at  a  cost  price  to  the  farmer  under  a 
non-profit  subsidiary  of  Calgary  Power  Ltd, 


photographs  Illustrating  Typical  lea  Pack  Conditions 


on  the  Bov  In  and  Above  Calgary 


Jan*  3*  Bow  at  Bownesa  Bridge.  Looking  up  river  from 

hridge  showing  portion  of  ice  pack  two  miles  long  lodged  at 
Lend  one  mile  downstream. 


Jan.  5»  19^*  Bow  at  Bowness  Bridge.  Looking  downstream 
from  bridge  showing  gorging  on  right  bank  from  ice  pack 
which  moved  out  during  the  previous  night. 


Jan*  2,  1945.  Bow  at  Calgary.  Looking  upstream  at  western 
city  limits  showing  pressure  ridges  and  narrow  open  channel 
in  relatively  new  ice  pack* 
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XV  WINTER  FLOODS 

Winter  Floods,  in  general,  were  discussed  briefly  in 
paragraph  (c)  I  and  it  was  stated  that  winter  flooding  was  due  co  ice  conditions 
on  streams*  It  is  therefore  pertinent  to  deal  with  thi3  natter  of  ice  under 
several  headings,  so  that  a  knowledge  nay  be  gained  as  to  tne  prooiem  of  con-* 
fronting  winter  flooding  in  the  Bow  River  Valley*  These  Headings  are  as 
follows 

(a)  Formation  of  Ice; 

(b)  Theory  of  ice  formation ; 

(c)  Types  of  ice; 

(d)  Ice  packs  under  3tatio  conditions; 

(e)  Ice  packs  under  dynamic  conditions; 

(f )  Cause  of  ice  jams  and  backwater* 

(a)  Formation  of  Ice,  The  formation  of  ice  in  northern 
latitudes  and  elsewhere  in  high  mountainous  regions  is  the  inevitable  result 
of  freezing  air  temperatures  in  contact  with  water.  It  i3  obvious,  of  course, 
that  ioe  does  not  form  in  regions  having  a  warm  climate. 

The  natural  phenomenon  which  causes  ice  to  form  on  lakes, 
ponds  and  streams  of  flowing  water,  results  by  the  transfer  of  heat  by  con¬ 
duction  and  radiation  from  the  water  in  contact  with  cold  air  having  a 

o 

temperature  of  32  F.  or  less.  The  natural  laws  which  govern  the  process  of 
radiation  are  unique  and  complicated  and  in  some  respects  are  not,  as  yet,  olearl 
understood* 

In  the  past  one  hundred  years  ice  formations  have  been  the 

object  of  periodic  interest  but  there  has  been  little  scientific  investigation 
of  the  phenomenon*  Early  investigations  were  mad®-  in  Canada  by  Professor 
H.  T*  Barnes  of  the  Department  of  Physios  at  the  University  of  McGill  and 


photographs  Illustrating  Typical  Ice  Pack  Conditions 

On  the  Bow  In  and  Above  Calgary 


#19  The  Bow  Eiver  at  the  curve  above  Shouldice  Bridge  at  2:24  p*m. 

on  January  31  ►  19^*  Looking  upstream  at  moving  slush  ice  passing 
a  sharp  bend  in  the  river*  Note  the  open  water  in  the  fore¬ 
ground  between  the  moving  slush  and  the  near  bank  as  the  pack 
moves  into  an  expanding  section  of  the  river* 


#15  A  photograph  of  typical  slush  ice  sitting  loosely  in  quiet 
water  in  the  ice  pack  at  Twin  Bridges  during  the  winter  of 
1943-44* 
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and  reported  by  him  in  a  text  on  “Ice  Engineering*1.  A  study  of  the  problem 
on  the  St*  Lawrenoe  River  wa3ma.de  by  the  Montreal  Flood  Commission  sixty— live 
years  ago  and  more  recently  by  the  Joint  Foard  of  Engineering  on  St*  Lawrence 
Deep  i’/atorw&ya.  A  report  by  Mr*  J*  C*  Steven,  Past  President  01  the  American 
Society  of  Civil  Engineers,  on  the  Madison  River  in  Montana,  a  stream  having 
similar  characteristics  to  the  Bow  River,  gives  valuable  information.  Much 
laboratory  work  on  the  subject  has  been  done  in  Russia*  All  of  thi3  data 
has  been  available  to  the  Commission,  but  it  is  nevertheless  apparent  that 
detailed  scientific  research  on  the  phenomenon  of  ice  formation  is  still 
lacking* 

In  view  of  the  importance  of  this  subject  to  Canada,  it 
is  suggested  that  the  National  Research  Council  or  the  University  of  Alberta 
migfrt  do  research  work,  especially  on  dynamic  ice  formation,  a3  a  valuable 
asset  to  Canadian  industry  and  general  welfare* 

(b)  Theory  of  Ice  Formation.  Yihlle  certain  deficiencies 
exist  in  knowledge  of  the  phenomenon  of  ice  formation  in  all  its  aspects, 
it  is  possible  to  describe  the  general  features  incidental  to  its  development. 

By  physical  examinations  it  is  known  that  water,  like  other 
substances,  will  increase  and  decrease  in  volume  through  changes  in  temperature. 
As  water  cools  it  contracts  to  a  small  degree,  becomes  slightly  heavier  and 
sinks.  This  action  continues  until  maximum  density  is  reached  at  39°F.  At 
that  point  and  with  further  decrease  in  temperature,  a  reverse  condition 
occurs  whereby  water  expands,  becomes  lighter  and  will  ri38.  As  a  result 
of  these  conditions  there  is  an  inter-oh&nge  of  water  from  th.3  surface  to  the 
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bottom  and  conversely  from  the  bottom  bo  the  surfaoe*  Tn.i3  interchange  is 
referred  bo  as  convection.  This  action  continues  until  the  temperature  of 
water  in  a  lake  reaches  39°?.  Thereafter  with  further  decreased  temperature, 
colder  water  will  then  remain  at  the  surface* 

By  established  theory  a  pound  of  water  will  gain  or  lose 
1  B.T*U*  (British  Thermal  Unit)  for  each  degree  change  in  temperature*  Hence, 
for  any  given  temperature  above  freezing,  this  theory  applies  until  the  tem¬ 
perature  reaches  32°P.  At  thi3  point  a  peculiar  phenomenon  occurs  in  the 
conversion  of  water  to  ice,  whereby  it  is  necessary  for  water  to  lose  a 
further  144  B.T.U.’s  to  change  to  ice  at  the  same  temperature.  This  is 
referred  to  as  the  Latent  Heat  of  Fusion  of  Ice*  In  actual  effect  a  very 
slight  difference  of  one  to  two  one-hundredths  degree  (*01°-  .02°)  will 
result  in  the  conversion  of  water  to  ice  and  conversely  from  ice  back  to 
water* 

%'ith  continued  cold  air  temperatures  below  32°F*  needlelike 
crystals  of  ice  are  formed.  The  needle-like  crystals  of  ice  knit  and  agglomerate 
together  at  the  surface  to  form  an  ice  cover*  Once  an  ice  cover  is  formed  the 

further  conduction  and  radiation  of  heat  from  water  to  air  is  checked  but  not 

% 

entirely  eliminated  since  ice,  although  a  poor  conductor,  continues  to  transfer  . 
heat  at  a  progressively  reduced  rate  as  the  ice  thickens  until  a  state  of 
insulation  is  obtained  in  relation  to  air  temperature  and  no  more  ice  i3  formed* 
It  is  fortunate,  as  a  result  of  insulation,  that  flowing  water  will  not  Freese 
solid.  If  it  did,  life  in  it  would  cease* 

Pure  ice  weighs  approximately  571  lb3.  per  cubic  foot  as 
compared  with  water  at  approximately  62.5  lbs.  per  cubic  foot*  Hence  all  ice 
is  buoyant  and  floats* 


r 
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(c)  Types  of  iae»  Ice  which  ia  formed  on  lakes,  ponds 
and  flowing  streams  of  water  is  recognized  under  three  pypQd+  arQ  classi¬ 

fied  as  Sheet  Ice,  Frazil  Ice  and  Anchor  Ice.  All  have  a  common  origin  in  the 
relation  of  temperatures  and  exposed  water  surface  but  differ  in  cnaraoteristios 
and  appearance  as  a  result  of  the  environment  of  static  or  dynamic  conditions 
in  which  they  occur# 

Sheet  Ice  forma  under  static  conditions  of  still  water  in 
lakes  and  ponds  and  on  the  surface  of  flowing  streams  where  the  velocity  of 
the  current  is  not  in  exoess  of  about  1.5  feet  per  second.  The  ice  is  firm, 
relatively  clear  and  may  attain  a  thickness  up  to  2.5  feet  under  the  climatic 
conditions  common  to  the  region  of  the  Bow  River. 

Frazil  Ice,  is  formed  under  dynamic  conditions  of  turbulent 
flowing  water  in  vhich  the  ice  particles  are  maintained  in  a  state  of  agitation* 
The  origin  of  the  ice  is  the  same  as  for  Sheet  or  3tatio  ice  in  the  transfer  of 
heat  from  the  ground  through  the  water  to  the  air,  but  in  this  case  the  flow 
of  heat  through  the  water  is  radically  affected  by  the  turbulent  water  and 
instead  of  having  a  falling  temperature  gradient  by  convection  as  in  the  case 
of  Sheet  Ice,  water  temperatures  are  rapidly  mixed  to  temperature  of  32°IJ 
throughout.  Some  authorities  claim  that  all  ice  crystals  are  produced  at  the 
water  surface.  Others  claim  the  orystals  are  formed  throughout  the  bocty  of 
the  water  at  32°F.  Frazil  ice  is  buoyant  and  agglomerates  into  soft  sponge 
masses  to  float  barely  awash  in  uniformly  swift  flowing  water.  These  masses 
disintegrate  over  falls  and  rapids  and  re-form  again  at  the  water  surface 
in  quieter  water. 


■ 
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Anchor  Ice  is  a  tough  laminated  ice  which  forma  at  the 

bsd  of  a  turbulent  stream*  There  appears  to  be  no  definite  theory  to  explain 

the  reason  for  its  existence  at  thi3  place.  One  theory  is  that  turbulent 

water  carries  a  portion  of  the  frazil  ice  to  the  bottom  of  the  river  where 

it  adheres  to  gravely  stones  and  other  firm  substances#  Other  authorities 

appear  to  dispute  this  theory* 

* 

It  is  sufficient  for  the  purpose  of  this  report  to  describe 

general  conditions* 

Dark  or  black  colour  of  the  stream  bed  appears  to  be  con** 
duoive  to  the  growth  of  Anchor  Ice* 

Observations  indicate  that  Anchor  Ice  is  formed  in  greatest 
quantity  during  clear  cold  nights.  In  highly  turbulent  water  it  my  attain 
such  thickness  as  to  raise  the  water  in  a  river  bed  several  feet.  It  has  been 
found  on  the  St.  Lawrence  River  under  20  feet  depth  of  water  and  under  a  depth 
of  65  feet  in  the  Neva  River  in  Kus3ia# 

Anchor  ice  will  remain  intaot  at  the  river  bed  until  released 
by  radiation  from  the  sun  whence  it  will  rise  and  float  to  the  surface  in  masses 
observed  on  the  Bow  River  of  100  square  feet  or  more*  Upon  being  detached  from 
the  river  bed,  it  will  lift  sand,  gravel  and  rocks  of  considerable  size  and 
i3  generally  dirty  in  appearance*  Upon  rising  it  joins  the  Frazil  ice  which 
together  float  downstream*  This  combined  accumulation  of  ice  is  referred  to 
as  Slush. 

See  Photos  Nos.  15,  161,  170,  171  showing  types  of  ice 
formations  and  slush. 

Slush  -  The  volume  of  Slush  which  may  occur  in  a  flowing 


stream  will  vary  with  the  relative  changes  in  degree  days  of  freezing  temperaturi 


Photographs  Illustrating  Typical  Ice  Pack  Condi tions 


On  the  Bow  In  and  Above  Calgary 


Three  photographs  illustrating  the  growth  of  an  ice  packs 


#170  Looking  downstream  at  Shouldice  Bridge  Dec*  2,  1946,  from 
the  east  river  hank,  showing  thin  slush  masses  at  the  head 
of  the  pack. 


#171  Looking  downs trean  at  Shouldice  Bridge  Dec,  3»  1946 ,  from 
the  east  river  hank,  showing  the  very  aLow  buildup  of  the 
pack  due  to  mild  weather,  Moving  ice  is  entering  the  pack 
in  the  right  foreground. 


Looking  downstream  at  Shouldice  Bridge  Dec,  4,  19 46,  showing 
some  consolidation  of  the  pack  from  the  previous  day.  The 
stags  of  the  river  had  risen  considerably  from  that  in  #170* 


#173 


Photographs  Illustrating  Typical  lee  Pack  Conditions 


On  the  Bow  In  and  Above  Calgary 


#l6l  Looking  upstream  at  Louise  Bridge  from  the  north  river  hank 
on  November  21,  19^6*  This  section  of  fairly  smooth  pack  is 
sitting  under  high  backwater  nearly  level  with  the  river  bank 
Note  gorging  line  along  near  shore. 


#1 65  Looking  up  the  Bow  at  JlQt  St,  West  on  November  2Sr  1946, 
showing  extremely  rough,  telescoped-  pack  under  high  back¬ 
water  conditions.  A  pressure  ridge,  indicating  the  toe  of  a 
movement  can  be  seen  in  the  middle  of  the  picture. 
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and  the  exposed  areas  of  flowing  water  having  velocities  in  excess  of  about 
1#5  feet  per  second  which  cannot  be  covered  with  Sheet  ice*  The  volume  of 
slush  is  continually  increased  by  accretions  of  newly  formed  ice  as  the  open 
water  moves  downstream  and  is  decreased  by  the  consequent  reduction  of  surface 

area  brought  about  by  ice  cover* 

To  illustrate*-  Assume  a  pond  from  which  water  emerges  at 

temperatures  above  freezing i—  As  the  flowing  water  from  the  poud  in  contact 
with  cold  air  attains  a  temperature  slightly  less  than  52°  F*,  ice  begins  to 
form*  From  this  point  on,  for  each  succeeding  unit  of  distance  downstream, 
more  ice  is  formed  in  the  open  flowing  water*  The  water  is,  therefore,  in¬ 
creasingly  loaded  with  ice  until  in  fact  it  may  resemble  a  viscous  sluggish 
fluid*  In  this  movement  downstream  the  flow  of  ice-laden  water  lodges  the 
slush  along  the  shores  of  the  river*  Thus  the  stream  is  relieved  of  a  part 
of  its  ice  burden,  the  area  of  exposed  water  surface  in  contact  with  cold 
air  i3  reduced  and  less  new  ice  i3  formed,  for  neither  Frazil  or  Anchor  ice 
can  be  formed  under  an  ice  cover.  A  continual  change  is  brought  about  in 
the  area  of  ice  forming  opernrater*  These  changes  of  area  in  relation  to  the. 
degrees  of  frost  required  to  produce  ice,  make  the  problem  of  determining  the 
volume  of  ice  very  problematical* 

It  is  interesting  to  note,  however,  that  by  experiments 
conducted  on  the  St*  Lawrence  River  it  was  determined  that  ice  is  produoed 
by  the  radiation  of  approximately  95  B.T.U.’s  per  square  foot  per  day  per 
degree  difference  in  temperature  between  the  air  and  water*  Upon  dividing 
this  produot  by  144  to  provide  for  the  latent  heat  required  to  produoe  a 
pound  of  ice  at  32°F.  and  by  57  lbs*  to  convert  to  cubic  feet,  it  is  possible 
to  determine  the  volume  of  ice  capable  of  production  on  one  square  foot  of 
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exposed  open  water*  For  example*—  assume  that  an  open  area  of  water  at 
a  riffle  where  velocities  preclude  an  ice  cover,  is  subject  to  2500  days 
of  frost  as  occurred  along  the  Bow  River  during  the  winter  of  1949—50,  then 
the  volume  of  ice  produced  would  be  equivalent  to  30  oubio  feet  per  square 
foot  of  exposed  area* 

It  is  fortunate,  indeed,  that  the  area  of  open  water  is 
decreased  by  the  ice  cover,  otherwise  vast  quantities  of  ice  would  be  formed* 

The  formula  illustrates,  however,  that  a  short  period  of  very  oold  weather  at 
the  outset  of  winter  rather  than  4  prolonged  period  of  less  cold  days  with 
Intervening  Chinooks,  would  be  more  effective  in  quickly  producing  an  ice 
cover,  except  at  rapids,  and  thereby  eliminate  much  ioe  formation* 

(d)  Ioe  Packs  Under  Static  Conditions*  Reference  has  been 
made  to  the  formation  of  slush  and  to  its  movement  downstream  at  the  water 
surface  in  a  sluggish  and  viscous  mass*  It  is  intercepted  along  the  rough  shorei 
of  the  river  channel,  by  gravel  and  sand  bars  and  at  points  of  shallow  depth  of 
water  and  low  velocity  where  it  begins  to  lodge  along  the  banks  to  form  an  ioe 
cover*  If  the  stream  velooity  does  not  exceed  1*5  feet  per  seoond,  the  cover 
will  gradually  grew  toward  the  centre  until  a  complete  sheet  of  ioe  is  formed* 
Through  lack  of  disturbance  the  ioe  is  clear  particularly  at  the  surface  due 
to  overflows  of  water,  but  it  may  contain  ioe  of  oloudy  appearance  due  to  small 
quantities  of  saturated  slush  formed  at  some  point  along  the  river  where  the 
velooity  of  water  exceeded  1*5  feet  per  second* 

In  the  latitude  of  the  Bow  River  sheet  ioe  cover  may  attain 
a  thickness  up  to  2*5  feet*  It  remains  intact  throughout  the  winter  until  broken 
up  in  large  blocks  by  warm  spring  weather  and  the  concurrent  inflow  of  water  from 
melting  snow  when  it  moves  downstream  and  gradually  disappears*  At  times,  in 
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■fch©  event  of  pronounced  spring  thaws  and  rapid  rise  of*  river  flow *  the  blocks 

of  ice  may  be  intercepted  by  some  obstacle  resulting  in  severe  ice  jams  to 

*  $ 

cause  overflow  of  land  and  damage  as  occurred  on  the  Saskatchewan  River  at 
Medicine  Hat  in  1951  and  again  in  1952  to  wash  out  the  Saskatchewan  Bridge. 

(o)  Ice  Packs  Under  Dynamic  Conditions.  Ice  packs  and 
Ice  jams  on  the  Bow  River  in  the  vicinity  of  Calgary  differ  in  the  fact, 
primarily*  that  they  occur  in  the  early  winter  during  November  or  December 
and  seldom  after  January  1st  when  severe  winter  weather  usually  starts. 

The  reason  for  this  is  due  to  the  steep  river  gradient  and  velocity  of  water 
generally  in  excess  of  1.5  feet  per  second  thereby  precluding  the  formation 
of  Sheet  Ioe  but  forming  large  volumes  of  FVazil  and  Anchor  Ice  to  flow  as 
slush.  Slush*  as  hereinbefore  described,  moves  in  a  viscous  sluggish  mass 
downstream  and  may  be  intercepted  by  various  obstacles.  These  obstacles  are 
numerous  of  which  the  first  to  be  mentioned  is  the  continually  changing  con¬ 
ditions  of  the  shore  line  against  which  the  slush  is  brought  in  contact  with 
rough  rocky  shores*  sand  and  gravel  bars,  islands  and  the  roots  and  over¬ 
hanging  branches  of  vegetable  growth.  This  is  continued  along  the  whole 
length  of  the  shore  on  which  large  quantities  of  slush  are  attached  along 
the  borders  of  the  channel*  termed  for  convenience  as  wBord  Ice**.  This  is 
illustrated  by  photograph  No.  121.  The  "Bord  Ice  "  grows  toward  the  centre 
of.  the  river  but  at  some  point  is  stopped  by  the  increasing  velocity  of  the 
flowing  stream.  The  remaining  ice  laden  water  oontinues  to  flow  until  it  is 
stopped  frontally  by  some  physioal  obstacle.  Of  these*  the  one  most  effective 
obstacle  appears  to  be  a  pool  existing  naturally  or  created  artificially,  Buoh 
as  deepening  the  river  bed  or  by  a  dam  to  cause  slack  water  and  the  early 
formation  of  an  ice  cover.  Slush  arriving  at  the  head  of  the  slack  water  loses 


photographs  Illustrating  Typical  Ice  Pack  Conditions 

on  the  Bow  In  and  Above  Calgary 


#35  Jo*1*  5  r  1945  -  2:15  p*ew  Bow  near  Glenhow*  Looking  up¬ 

stream  opposite  Glenhow  station  showing  extent  of  gorging 
to  date  (18  miles  Below  Ghost). 


#119  Feb.  4.  The  C.L.  &  I.  Company  dam  at  Carseland  from  the 
south  shore* 


#121  Peh.  4.  Looking  down  the  Bow  from  the  Carseland  Bridge* 
Side  hoard  ice  does  not  seem  to  he  greatly  affected  hy 
stream  fluctuation* 


//? 


/*/ 
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velocity  and  starts  to  form  an  ice  dam*  Uiis  becomes  the  head  of  an  Ice  Pack# 

As  further  slush  arrives,  part  of  it  is  intercepted  at  the  head  of  the  paok 
which  progressively  advances  upstream#  The  head  of  a  paok  produces  an.  increase 
in  the  height  of  water  causing  backwater  and  cay  overflow  low  lying  ground  along 
the  river  channel*  If  velocities  of  the  river  current  do  not  exoeed  approximate! 
2.5  feet  per  second,  most  of  the  slush  will  adhere  to  the  head  of  the  pack  while 
a  part  may  be  drawn  underneath.  Ice  going  under  the  head  of  a  paok  may  flow 
for  some  distance  or  attach  itself  to  the  bottom  of  a  paok  and  at  some  points 
produces  hanging  dams.  An  ice  paok  may  advance  upstream  several  miles  per 
day  depending  on  the  aurf&oe  area  of  open  water  and  temperature  conditions. 

Thus  in  a  stream  having  velocities  in  exoess  of  1.5  feet  per  second  an  ice 
cover  is  formed  by  the  advancing  ice  paok  filling  in  the  space  between  the 
"Bord  Ice'*  along  the  banks  of  the  river  channel  except  at  falls  and  rapids. 

(f)  Cause  of  Ice  Jams  and  Backwater.  In  a  stream  such 
as  the  Bow  River  at  and  above  Calgary,  variations  occur  in  the  natural  con> 
ditions  of  the  river  channel  and  a  variety  of  different  obstacles.  Some  of 
these  obstacles  such  as  a  pool  are  relatively  positive  in  their  action  to  form 
the  head  of  an  ice  pack.  Other  obstacles  such  as  bridges,  a  narrow  section, 
an  island  and  other  conditions  along  the  river  are  less  positive  in  their  aotion 
to  form  &  permanent  head  of  a  pack.  At  these  points  incipient  heads  of  paoks 
may  be  formed  in  their  relative  order  of  active  obstruction.  In  every  case 
backwater  occurs  which  creates  a  pressure  head  whence  the  weakest  of  the  in¬ 
cipient  paoks  may  be  broken  up  and  washed  downstream  to  &  more  permanent  paok 
which  in  turn,  under  still  higher  backwater,  may  go  jbhrough  a  similar  pro¬ 
cedure  to  another  paok.  This  results  in  telescoping  one  pack  into  another 
according  to  their  relative  stability,  and  each  in  turn  may  result  in  backwater 
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of  greater  magnitude.  The  process  of  telescoping  from  one  inoipiant  pack  to 
another  clears  the  centre  of  the  river  channel  resulting  in  "gorging"  leaving 
open  water  for  further  ice  formation  and  large  quantities  of  ice  along  the 

river  shores,  (see  Riot©  544). 

The  telescoping  from  one  incipient  pack  to  another  may, 
however,  result  in  pronounced  ridges  at  the  surface  of  the  pack  and  probably 
to  some  depth  below  the  pack  thus  creating  further  obstruction  until  the  force 

of  water  finds  a  way  through,  (see  Photo  165) 

These  conditions  on  the  Bow  River  at  and  near  Calgary  may 
prevail  during  the  pack  formation  period  usually  November  and  December  or 
until  severe  winter  conditions  in  January  set  in  to  stabilize  the  final  ioe 
cover.  3he  ice  pack  is  then  completed  thereby  reducing  the  areas  of  open 
water  except  at  falls  or  rapids  and  little  new  ice  is  formed.  Tiater  finds 
a  way  by  cavernous  channels  called  "bores"  through  the  pack  until  the  pack 
is  melted  in  the  spring. 

As  stated  previously  the  formation  of  an  ioe  pack  when 
more  or  less  consolidated  aoross  the  river  is  accompanied  by  high  backwater. 
Figure  14  is  a  "Rrofile  of  Bow  River  and  Observed  Backwater  Stages  from 
Horseshoe  to  Morley  Winter  of  1951-52."  From  this  it  will  be  observed  that 
the  average  height  of  backwater  is  about  5  feet,  while  at  the  Russell  Site 
the  baokwaternsaohed  a  height  of  12 J  feet  or  as  high  assay  winter  backwater 
ever  recorded  in  the  Calgary  distriot.  Notwithstanding  this  high  backwater 
flooding  was  not  reported,  although  no  doubt  it  occurred  at  places,  but  no 
damage  was  done  on  account  of  there  being  no  buildings  or  inhabitants  in 
that  location. 


I, 
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Photographs  Illustrating  Typical  Ice  Pack  Conditions 

On  the  Bov  In  and  Above  Calgary 


#5^*  Looking  down  the  north  channel  at  St*  Georges* s  Island  at 
the  north  traffic  "bridge  on  November  2h,  1950*  The  high, 
gorged  ice  banks  here  are  the  evidence  remaining  of  a  trem¬ 
endous  ice  movement  down  this  channel  during  the  previous 
might* 


Dec.  29*  19^3  -  3:15  p.n* 
Looking  upstream  at  slush, 
curve  above  bridge. 


#1 


Bow  Biver  above  Shouldice  Bridge* 
showing  slush  temporarily  lodged  in 


Photographs  Illustrating  Typical  Ice  Pack  Condi t Iona 


On  the  Bow  In  and  Above  Calgary 


Dec*  29 •  19^3*  Bow  above  Shouldice  Bridge*  Looking  up¬ 
stream  from  hillside  at  bend  above  bridge  showing  temporary 
lodgment  occurring  on  low  flow* 


Monday,  Jan*  3*  19^»  Bow  at  city  limits*  Looking  up 
north  channel  at  head  of  island  above  city  limits  showing 
anchor  ice  on  river  bottom.  Low  flow  on  river  (2.00  p.m*) 


J 
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Figure  11  shows  the  maximum  observed  backwater  stages 

on  the  Bow  River  from  Cushing  Bridge  (Calgary)  to  Bowness  Bridge  1947-51. 

The  significant  things  to  be  noted  in  respect  to  Figure  11  are  as  follows s- 

There  are  many  places  on  this  stretch  of  river, 
where  the  ioe  lodges  and  ice  packs  are  formed, 
although  all  are  not  formed  simultaneously.  The 
points  of  lodgment  are  indicated  by  low  backwater 
followed  by  high  backwater  immediately  upstream. 

(b)  The  gravel  excavation  below  Cushing  Bridgei  (Jeffrey 
Pool)  the  W.I.  D.  dam;  south  bridge  to  St.  George's 
Island;  the  head  of  Sti  George's  island  in  the 
vicinity  of  Louise  Bridge,  the  Eau  Claire  weir  prior 
to  its  being  largely  removed  in  1946  and  1950,  a 
point  near  the  Shouldioe  Bridge;  all  are  major 
points  for  the  start  of  ice  packs. 

Just  as  there  are  many  points  reoorded  at  Calgary  and 
west  of  Calgary,  even  to  beyond  the  Ghost  Dam,  where  ice  packs  are  formed, 
there  may  be  points  between  Calgary  and  Carsland  dam  where  similar  conditions 
exist  for  the  formation  of  ice  packs. 

One  thing  is  certain  that  the  Carsland  dam  constructed  in 
1910  in  conjunction  with  the  island  and  river  conditions  of  that  locality, 
acts  as  a  positive  ioe  trap  from  which  a  pack  builds  upstream. 

Having  discussed,  briefly,  the  ioe  factors  and  conditions 
in  relation  to  high  backwater,  which  may  cause  flooding,  it  is  pertinent  to 
apply  this  information  to  the  speoifio  problem  vis*-  Winter  flooding  on  the 
Bow  River  under  natural  flow  as  contrasted  with  winter  flooding  as  a  result 
of  increased  winter  flow  due  to  storage  reservoirs  constructed  in  the  head¬ 
waters  of  the  Bow  River  by  Calgary  Pcmer  Ltd.  This  is  section  (a)  and  (b) 
of  part  one  of  the  "terras  of  reference*. 
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WINTER  FLOODS  ON  TH5  BO  If  RIYSR 
(1)  Winter  Regime  Under  Natural  Flow.  The  history  of 
winter  flooding  on  the  Bow  River  is  naturally  incomplete  because  of  the  valley 
having  “been  only  sparsely  "built  on  until  comparatively  recent  times*  There  is 
evidence  to  show  that  the  formation  of  ice  packs  has  always  "been  a  winter 
phenomenon  of  this  river*  Appendix  "A*  ‘‘History  and  Description  of  Ice  Jamming 
and  Flooding  on  the  Bow  River  at  and  about  Calgary11  is  attached* 


Figure  15  “Chart  on  Mean  Monthly  Flows,  Bow  River  at 
Calgary  end  occasions  of  Recorded  Winter  Flooding11  and  Figure  5* 

In  examining  Appendix  MAtt  and  Figures  5  and.  15.  It  is 


iL-rportant  to  note  that  while  storage  dateB  from  the  completion  of  the  Lake 
Minnewanka,  44,000  acre  feet  storage  for  1912*  this  was  supplemented  "by  the 
Ghost  storage  of  75*000  acre  feet  in  1926  when  the  total  storage  amounted  to 
119,000  acre  feet  (See  page  1  and  part  1  -  Table  !•)• 


Since  that  date  the 

1932  -  Upper  Kananaskls  Lake 
1942  -  Lake  Minnewanka  a* 

1942  -  Upper  Kananaskls  Lake  b* 

1947  -  Barrier 
1951  -  Spray  Lake 

Total  since  1932 

a*  Replaces  44,000  acre  feet  created 
b*  Replaces  36,000  acre  feet  created 

The  total  storage  t 


following  storages  have  been  created, - 

-  36,000  acre  feet 

-  180,000  acre  feet 

-  100,000  acre  feet 

-  20,000  acre  feet 

-  210,000  acre  feet  v 

-  546,000  acre  feet 
,n  1912. 

n  1932. 

)  date  being  585, 000  acre  feet* 


This  is  sufficient  water  to  augment  the  natural  flow  of  the 


Bow  River  during  the  winter  months  by  an  average  of  2,200  cubic  feet  per  second 
(c*f*s).  The  Ghost  plant  is  the  last  one  down  the  river  and  therefore  nearest 
to  Calg*r7»  being  some  forty  miles  west  of  that  City. 
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All  storage  water  used  mu3t  necessarily  pa3  3  through  the 
Ghost  plant  supplemented  by  the  natural  flow  above  that  point.  The  Ghost  plant 
has  a  smaller  head  than  moat  of  the  other  plants ,  and  in  order  to  conserve, 
water  is  used  as  a  peak  load  plant  to  iron  out  the  fluctuations  of  the  load 
and  build  up  a  storage  on  the  off-peak  periods.  In  this  way  anything  that 
happens  down  stream  in  the  way  of  flow  is  determined  by  the  operations  of  the 
Ghost  plant  and  from  the  very  nature  of  its  operations  the  result  Is  a 
fluctuating  flow  varying  from  3*700  c,f,s  on  peak  loads  to  a  minimum  of  150 
c«f , 9,  This  is  an  entirely  different  regime  of  the  river  than  had  existed 
prior  to  the  construction  of  this  plant  in  1929* 

While  44,000  acre  feet  of  storage  was  developed  at  Hinnewanka 
prior  to  this  date  it  had  little  effect  on  the  natural  winter  flow  of  the  Bow 
River,  Winter  floods  have  been  known  to  occur  on  the  Bow  River  as  early  as 
I893  and  since  I896  ice  Jamming  has  been  recorded  for  twelve  years  out  of 
sixteen  years  until  1911,  From  November,  December  and  January  1910-11  to  the 
same  period  1929-30  winter  flooding  occurred  in  Calgary  district  in  six  of 
the  nineteen  years.  Since  1929-30  until  1951-52  winter  flooding  has  occurred 
in  fourteen  of  the  years  out  of  the  twenty-three  years  (See  Figure  15). 

It  would  appear  that  after  the  advent  of  storage  at  Ghost 
reservoir  winter  floods  are  increasing  In  number,  although  not  necessarily  in 

t  •  ’  ■’  • 

intensity  as  just  as  high  backwaters  were  created  under  winter  flooding  under 
the  natural  flow  of  the  Bow  River  as  under  present  conditions. 

By  reference  to  gauge  height  at  Langevin  Bridge  it  is 
possible  to  compare  the  levels  of  these  recent  winter  floods  with  former 
spring  floods,- 
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Date 

Maximum  Gauge  Height 

June,  1897 

Winter  Flood 

Spring  Flood 
17.52  feet 

July,  1902 

16.70  feet 

Dec.  1,  1950 

15.3  feet 

• 

Dec.19*  1951 

13.4  feet 

June  3,  1932 

12.50  feet 

Jan.  14,  1948 

12.1  feet 

Deo.  16,  1949 

10.9  f««t 

While  winter  floods  have  increased  in  number  since  the 
construction  of  the  Ghost  plant  in  1929*  it  is  worthy  of  note  that  there  has 
been  an  increase  in  the  severity  of  the  winter,  especially  during  the  last 
ten  years.  This  may  in  some  measure  account  for  the  frequency  of  winter 
flooding  as  temperature  is  the  primary  factor  in  the  formation  of  ice  and 
ice  jamming. 

£he  following  table  shows  the  degree  day3  for  the  period 


1926  to  1952*- 
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Table  3 

TSMPSBATUBB  DATA  AT  CALGARY 

Baaed  on  Gas  Company  Records 

Decree- Day 3  below  32°  P. 


Start 


Year 

of 

Period 

Degree-Days 
to  Dec.  15 

Degree-Days 
to  Feb.  28 

Degree-Days 
Mar.  1  to  end 

Date  of  end 
of  period 

1926-27 

Hoy.  16 

620.8 

1,742.2 

117.3 

Mar.  31 

1927-28 

Oct.  31 

953.5 

814.3 

-8.8 

Mar.  16 

1928-29 

Oct.  27 

22.8 

1.152.5 

-111.7 

Mar.  31 

1929-30 

Oct.  29 

264.9 

1.393.3 

118.1 

Mar.  29 

1930-31 

Oct.  15 

7.1 

77.6 

191.4 

Mar.  28 

1931-32 

Hoy.  9 

380.2 

1.293.6 

365.9 

Mar.  30 

1932-33 

Oct.  27 

326.6 

1,192.6 

133.3 

Mar.  26 

1933-3 4 

Oct.  19 

100.3 

756.9 

29.2 

Mar.  29 

1934-35 

Hoy.  17 

17.4 

1.055.6 

230.8 

Mar.  31 

1935-36 

Oct.  28 

269.4 

2,244.1 

190.8 

Mar.  31 

1936-37 

Oct.  31 

-10.5 

1,608.3 

91.9 

Mar.  31 

1937-38 

Hov.  10 

435.7 

1.519.1 

-8.1 

Mar.  31 

1938-39 

Hoy.  4 

83.8 

1.177.3 

232.7 

Mar.  26 

1939-40 

Oct.  23 

-303.1 

827.6 

89.6 

Mar.  27 

1940-41 

Hoy.  2 

434.9 

1.155.2 

164.6 

Mar.  17 

1941-42 

Hoy.  17 

91.1 

831.5 

10.0 

Mar.  23 

1942-43 

Oct.  24 

418.8 

731.6 

333.3 

Mar.  21 

1943-44 

Oct.  23 

-184.0 

«  - 

309.3 

242.5 

Mar.  28 

1944-45 

Hoy.  1 

24.2 

892.1 

112.4 

Mar.  8 

1945-46 

Hov.  5 

480.5 

1,148.8 

-12.2 

Mar.  9 

1946-47 

Hoy.  14 

499.8 

1,411.9 

331.2 

Mar.  12 

1947-48 

Hoy.  4 

304.2 

1.137.7 

329.0 

Mar.  26 

1948-49 

Deo.  3 

400.4 

1.919.9 

151.5 

Mar.  20 

1949-50 

Dec.  3.. 

192.8 

2.285.7 

255.0 

Mar.  20 

1950-51 

Hoy.  7 

574.1 

1,696.9 

560.4 

Mar.  20 

1951-52 

Oct.  15 

323.9 

1.837.9 

324.8 

Mar.  22 

-  35  - 


Before  storage  works  were  constructed  on  the  Bow  River  the 

winter  flow  varied  over  fairly  wide  limits,  depending  on  temperature  conditions. 

\ 

v 

•  \ 

For  example,  take  the  year  1936,  the  natural  flow  in  the 

third  week  of  December  was  1,200  c.f.s.  and  in  the  fourth  week  of  the  same  month 
it  was  300  c.f.s.  Similarly  in  respect  to  other  years  during  extremes  of 

continued  cold  weather,  the  flow  was  curtailed  and  a  large  portion  of  the  water 

'  / 

was  converted  into  bord  and  sheet  ice.  This  would  have  a  beneficial  effect  in 

/  / 

/  / 

preventing  the  formation  of  frazil  and  anchor  Ice.  On  the  other  hand  when  the 
temperature  moderated  and  Chinooks  occurred  3ome  of  the  ice  melted  which,  together 
with  the  increased  run-off,  caused  a  rise  in  the  flow  of  the  river.  This 
increased  flow  and  open  water  would  break  up  the  bord  end  sheet  ice  and  carry 
it  down  the  river.  In  general,  mild  weather  due  to  Chinooks  only  lasts  a 
short  time  to  be  followed  by, cold  weather. 

When  cold  weather  occurs  frazil  and  anchor  ice  are  formed 
from  the  open  water  due  to  the  incceased  flow.  This  frazil  and  anchor  ice 
together  with  the  bord  and  sheet  ice  formed  during  the  low  stage  of  the  river 
may  become  lodged  at  many  points  to..foza  ice  packs  with  attendant  high  backwaters. 
Under  these  conditions  flooding  has  occurred  in  the  Calgary  -  Bowness  area. 

It  is  a  fair  assumption  and  no  doubt  a  fact  as  shown  by 
the  evidence  of  several  witnesses  that  this  has  been  the  condition  of  the  river 
at  times  when  skating  was  done  on  the  river  in  the  vicinity,  of  Calgary.  - 

Table  2  is  a  record  of  winter  flooding  under  natural  flow 


conditions,- 
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Table  2 


HE  CORD  OF  ICE  JAMMING-  AMD  WHITER  FLOODING  OH  THE  BOW 

RIVER  AT  CALCAR? 


Winter 

Date 

Location 

Source  of  Information 

1893-91+ 

Thanksgiving 

Eau  Claire  Dam 

Theodore  Strom 

1897-98 

West  Calga 17 

J.  Lawrey  and  p.A.  Prince 

1898-99 

West  Calgary 

J.  Lawrey  and  P.A.  Prince 

1899-1900 

December 

West  Calgary 

J.  Lawrey  and  p.A.  Prince 

1903-04 

Not.  -  Dec. 

West  Calgary 

Calgary  Herald 

1913-14 

Dec.  -  Jan. 

Eau  Claire  Dam  to  Rowness 

4 

Calgary  Herald  and  Riverside 

Lumber  Co.  vs.  Calgary  Water 

Power  Company 

1914-15 

Nov.  21-27 

Upstream  from  Eau  Claire 
Weir 

Riverside  Ltaaber  Company  vs. 

Calgary  Water  Power  Company 

1916-17 

Nov.  18 

Upstream  from  Ean  Claire 
Weir 

Calgary  Herald 

1926-27 

Nov.  22 

n  h  »  h 

V 

Calgary  Herald 

1927-28 

Nov.  16 

Sunny  side.  We  at  mount, 
Lowery  Gardens 

Calgary  Herald  and  Water  power 
and  Reclamation  Service. 

*1929-30 

Lowery  Gardens 

Calgary  Albertan 

1932-33 

Dec.  9 

St*  George *s  Island  and 
Lowery  Gardens 

\  '  *i 

Permanent  flood  Committee 

V 

1935-36 

Dec.  14 

St.  George *s  Island 

Calgary  Herald 

1937-38 

Nov.  29 

Imperial  Oil  Warehouses 
Lovell  *s  Dairy 

permanent  flood  Committee 

1938-39 

Dee.  20 

Lowery  Gardens 

Calgary  Herald  and  Calgary  Albertan 

1939-to 

Lowery  Gardens 

Calgary  Albertan 

1940-41 

Nov*— Dec. ' 

Lowery  Gardens 

Calgary  Alberta  and  Calgary  Herald 

1941-42 

Dee.  29 

Sunny  side 

Permanent  flood  Committee 

1942-43 

Dec. -Jan. 

Calgary  .Lowery  Gardena 
Bowness 

Calgary  Herald  and  permanent  flood 
Committee 

♦  Ghost  plant  constructed 


Table  2  cont*d 
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Winter 

Date 

Location 

Source  of  Information 

1943-44 

January 

Lowery  Gardens  and 

Bowness 

/ 

Calgary  power  Ltd.  and  permanent 
Flood  Committee 

1945-46 

'  Nov.-Dee. 

Hillhurst,  River  Drive 
and  Bowness 

Calgary  Power  Ltd.  and  Permanent 
Flood  Committee 

1946-47 

Nov.-Jan. 

St.  George* s  Island, Elbow 
River, Should ice,  Bowness 
Central  Alberta  Sanitarium, 
Alberta  Ice  Co. 

Calgary  Power  Ltd.  and  Permanent 
Flood  Committee 

> 

1947-48 

Jan. -Feb. 

Memorial  Drive, Elbow  River  Calgary  Power  Ltd.  and  Permanent 
Sunnyside, Lowery  Gardens  Flood  Committee 

191)8-49 

December 

Memorial  Drive 

Calgary  power  Ltd.  and  Permanent 
Flood  Committee 

1950-51 

Nov.-Dee. 

East  Calgary,  Riverside 
and  Sunnyside 

Calgary  Power  Ltd.  and  Permanent 
Flood  Committee 

1951-52 

Dec.-Jan. 

Lowery  Gardens,  Bowness 
Seepage  in  Sunnyside 

Calgary  Power  Ltd.  and  Permanent 
Flood  Committee 

(2)  Effect  of  Higher  glow  due  to  Storage  on  Winter 
Regime.  Figure  5  is  a  Hjrdrograph  of  Average  Weekly  Flow*  of  the  Bow  River 
at  Calgary.  The  heavy  black  column  shows  the  number  of  c.f.s.  of  storage 
water  while  the  hatched  column  shows  the  number  of  c.f.s.  of  natural  flow. 

The  two  together  represent  the  discharge  at  Calgary. 

Xt  is  evident  that  the  total  winter  flow  has  Increased 
greatly*  especially  since  1942-43 »  and  now  that  Spray  Lakes  storage  is  completed 
it  will  increase  annually  depending  on  winter  power  load  requirements. 

This  increase  in  winter  flow  has  naturally  changed  the 
whole  regime  of  the  river  as  compared  with  natural  flow.  In  1951-52  the 
maximum  weekly  flow  averaged  a  little  over  3t000  c.f.s.  during  the  week  of 
October  29  -  November  5#  while  the  minimum  flow  averaged  a  little  over  2,000 
c.f.s.  for  the  week  ending  January  28th. 


f 
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The  problem  is  what  effect  does  this  increased  winter 
flow  have  in  respect  to  flooding  in  the  Calgary  -  Bownesa  area. 

A  river  flowing  freely  can  take  care  of  increased  flow 
by  increasing  its  depth,  width  and  the  average  velocity. 

ipplying  these  to  winter  conditions  on  the  Bow  Biver  the 
increase  in  flow  may  appear  to  increase  the  ice  forming  factors  that  may  cause 
Ice  jamming  and  flooding.  It  does  not  necessarily  mean  that  Increased  flow 
will  Increase  the  surface  ridth  of  the  river  due  to  the  steepening  of  the 
river  banks  by  the  formation  of  bord  ice  and  the  shearing  of  ice  pack  and  the 
formation  of  gorges.  It  is  doubtful  under  these  conditions  if  the  width  of 
the  river  is  greatly  Increased  to  take  care  of  the  higher  flow.  On  the  other 
hand  the  Increased  velocity  of  the  water  will  tend  to  restrict  the  amount 
of  bord  ice  formed  along  the  edges  of  the  river  and  increase  the  amount  of 
frazil  ice.  The  increased  velocity  increases  the  transporting  power  so 
that  slush  ice  will  be  carried  farther  downstream  before  an  ice  bridge  can 
be  formed,  and  may  thus  delay  the  critical  date  when  an  ice  pack  would 
normally  begin.  .Again  under  higher  flow  there  is  less  chance  of  lee  lodgment 
at  points  to  form  incipient  ice  jams. 

The  beneficial  effects  of  the  storage  dams  at  Barrier 
and  Ghost  which  eliminate  Ice  formed  over  some  fifty  miles  of  river  la 

discussed  further  in  this  report.  Under  natural  flow  ice  stopped  by  these 

« 

dams  would  be  transported  through  Calgary  If  not  intercepted  ty  ice  packs 
somewhere  along  the  river.  In  view  of  the  many  imponderables,  it  is  difficult 
to  say  whether  the  increased  winter  flow  results  in  a  more  serious  flooding 
condition  than  that  previously  existing  under  natural  flow.  As  floods 
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occurred  under  "both  conditions  of  flow  the  real  problem  still  remains  to  be 
solved,  namely,  "How  can  winter  flooding  be  prevented  or  reduced  to  such  an 
extent  as  to  eliminate  danger  to  life  and  property?  "• 

(3)  Effect  of  Variable  Plow.  Variable  flow  is  caused 
by  using  the  Ghost  Plant  for  peak  load  operations.  The  two  large  turbines 

are  used  to  take  care  of  peaks  while  the  small  unit  using  150  c.f.s.  is 

;  s.  ; 

operated  when  the  large  units  are  shut  down.  The  large  units  are  started 
about  7  a.m.  and  their  loading  Increased  continuously  to  about  9  a.n.  to 
meet  the  morning  peak  demand.  Discharge  would  thus  rise  from  a  minimum  of 
150  c.f.s.  at  night  to  a  maximum  of  some  3,700  c.f.s.  under  the  morning  load 
conditions#  During  winter,  thi3  rapid  rise  of  discharge  arrives  at  Calgary 
about  5  p.m.  as  a  wave  on  which  much  slush  ice  had  been  accumulated.  It  was 
an  unusual  sight  and  it  was  natural  that  popular  opinion  should  associate  it 
with  ice  Jamming  phenomenon# 

As  the  permanent  Elood  Committee  has  given  this  matter 
much  study  the  following  is  taken  from  their  Report  of  January,  1952*  in 
respect  to  uniform  flower 

"The  attached  chart  No.  1  shows  the  flows  in  effect 
from  the  Ghost  plant  from  December  1st,  1951  to  January  24th,  1952*  Recorded 
air  temperatures  in  Calgary  are  also  shown  on  this  chart# 

"Uhiform  flow  was  made  operative  December  6th  at  a  rate 
of  2*800  c.f.s.  On  December  9th*  rowing  to  mild  weather  uniform  flow  was 
discontinued  temporarily.  On  December  13th  a  uniform  flow  was  re-established 
and  a  rate  of  3*000  c.f.s.  maintained  until  December  22nd* 

"On  December  22nd  the  uniform  flow  of  3*000  c.f.s.  wn* 
reduced  to  2,200  c.f.s  which  flow  was  maintained  until  January  25th,  1925,  by 
which  time  the  Ice  pack  had  built  upstream  to  Cochrane.'1 

"The  general  observation  of  the  Committee  is  that 
uniform  flow  did  not  result  in  improved  conditions  through  Calgary.  Two  rates 
of  uniform  flow  were  tried  and  during  both  these  trial  periods  ice  conditions 


IJ 
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and  "backwater  stages  were  very  similar.  When  the  -uniform  flow  was  reduced  on 
December  22,  1951  the  head  of  the  ice  pack  was  approaching  the  City  limits. 

Plate  5  shows  the  maximum  "backwater  stages  each  winter  from  1947  to  1951  at 
various  points  "between  the  Cushing  Bridge  and  Bowness  Bridge.  The  backwaters 
resulting  from  the  uniform  flows  of  1951-52  were  as  high  as  the  backwater  stages 
observed  during  the  fluctuating  flows  of  previous  years. 

"During  the  past  few  years  it  was  considered  that  the  ice 
gorging  and  telescoping  which  occurred  during  daily  fluctuating  flows  contributed 
to  ice  jamming.  In  eliminating  the  daily  fluctuating  flows  it  was  considered 
a  high  uniform  flow  would  tend  to  resist  ice  lodging  within  the  City.  Under 
conditions  of  uniform  flow  there  was  not  as  much  Indication  of  telescoping  and 
gorging  but  the  ice  pack  built  up  as  fast  as  in  previous  years.  Telescoping 
however  did  occur  at  Bowness.  The  density  of  the  ice  pack  does  not  appear  to 
be  much  different  from  previous  years  and  the  resulting  backwater  stages  have 
been  equally  high. 

"In  connection  with  the  study  of  conditions  under  uniform 
flow  the  attached  statement  in  the  appendix  submitted  by  the  Department  of 
Resources  and  Development  together  with  plates  1,  la  and  2  contribute  pertinent 
data  in  this  connection.  The  information  supplied  "by  this  Department  points 
out  that  there  is  a  storage  of  water  created  by  the  formation  of  anchor  ice. 

The  formation  and  release  of  anchor  ice  causes  natural  fluctuations  in  the  flow 
even  with  a  uniform  discharge  from  the  Ghost  Reservoir.  Although  these  fluctua* 
tions  are  not  large  they  explain  the  variations  in  flow  that  have  been  commented 
on  by  nearby  residents  along  the  river. 

"Plates  3  and  4  attached  hereto  in  the  appendix  show  the  mean 
monthly  averages  of  the  river  flow  from  1911  to  1951  •  Plate  4  indicates  an 
increase  in  the  general  average  winter  flows  during  the  past  ten  years  with  the 
highest  average  occuring  during  the  uniform  flow  period  of  1951-52*  It  is 
difficult  to  estimate  what  effect  the  increased  flow  of  water  has  had  on  ice 
formation. 

•Silver  studies  to  the  present  time  have  not  established  that 
uniform  flows  are  more  advantageous  than  fluctuating  flows,  but  it  is  the 
concensus  of  the  Committee  that  high  minimum  flows  would  be  preferable  to  the 
low  minimum  flows  of  the  past  years.  *• 

The  Commission  Is  bound  to  give  this  Report  great  weight  and 
it  will  be  noted  that  the  concensus  of  opinion  of  the  Committee  is  "that  high 
minimum  flows  would  be  preferable  to  the  low  minimum  flows  of  the  past  years"* 


. 
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71  PSHKAHBHT  FLOOD  COMMITTEE 

5he  recurring  winter  flooding  between  the  Cushing  Bridge 
and  Bovnes3  has  been  the  subject  of  much  study  in  recent  years.  A  Conaaittee 
of  prominent  engineers  representing  the  Provincial  Government,  the  Federal 
Government,  Calgary  power  Ltd.,  and  the  City  of  Calgary  was  formed  on  the 
initiative  of  the  City  in  19^5  and  has  continued  to  function  since  that  time, 
becoming  a  permanent  committee  in  January,  1953-*  The  members  of  this  committee 
are  to  be  commended  for  the  evidence  they  have  accumulated  and  the  objective 
manner  in  which  it  has  been  presented.  In  their  endeavors  to  find  a  solution 
they  have  considered  dyking,  dredging,  maintenance  of  uniform  flow,  the 
construction  of  a  catchment  basin  at  Bearspaw,  and  various  other  proposals. 

Some  of  these  measures  have  already  been  tried,  either  in  whole  or  in  part, 
and  while  the  complete  solution  to  the  problem  ha9  not  yet  been  found, 
worthwhile  advance  in  knowledge  and  experience  has  been  gained*  Beport  of 
this  Committee,  January,  1952  is  attached  (See  appendix  hb”). 


VII 


IAL 


WOHKS  AND  RECOMMENDATIONS 


In  a  turbulent  river  such  as  the  Bow,  subject  to  low 
temperature  conditions  in  the  winter  months,  ice  forming  factors  are  large, 

therefore  conditions  are  such  that  the  problem  of  ice  control  so  as  to 
prevent  flooding  in  settled  areas  will  always  be  present. 

2he  variable  nature  of  the  river  bed  of  the  Bow  Blver 
with  riffles,  bends,  gravel  bars  and  islands  also  tends  to  produce  incipient 
points  of  lodgment  for  the  creation  of  ice  jams  and  high  backwaters  that 
may  cause  winter  floods*  An  ideal  river  is  one  that  has  a  low  gradient  and 
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a  flow  of  soma  1*5  foot  per  second  or  less.  Under  these  conditions  the  surface 
of  the  river  becomes  completely  covered  with  an  Ice  sheet  thus  preventing  the 
formation  of  frasil  and  anchor  ice. 

It  Is  evident  from  the  above ,  that  since  we  have  this  problem 
of  ice  conditions  on  the  Bov  Elver,  remedial  measures  are  necessary  in  order  to 
prevent  flooding  in  the  Calgary  -  Bovness  area.  She  means  of  control  must, 
necessarily,  be  by  man-made  works  located  at  strategic  points,  and  will  be 
referred  to  as  dams  or  ice  traps. 

(a)  Ice  Traps.  Ihe  purpose  of  an  ice  trap  is  to  partially 

* 

dam  the  river  so  as  to  create  still  water  on  the  upstream  side.  Shis  allows 
sheet  ice  to  form  rapidly  and  by  collecting  slush  ice  the  beginning  of  an 
ice  pack  is  soon  made.  Under  cold  weather  conditions  the  pack  grows  rapidly 
upstream  with  attendant  high  backwaters  at  the  head  of  a  pack  but  on  the  down¬ 
stream  side,  the  river  is  left  ice-free  as  a  positive  ice  trap  does  not  permit 
of  the  passage  of  ice  downstream* 

From  the  above  it  is  evident  that  apart  from  being  positive 
in  character  to  trap  the  ice,  the  location  is  a  most  important  consideration 
because  all  the  benefit  is  downstream  while  up  stream  high  backwaters  may  be 
espected  and  winter  flooding  may  occur, 

(b)  Bams  or  Storage  Reservoirs.  Beservoirs,  dams  and 
fore  bays  used  in  connection  with  power  development  on  the  Bow  Elver  act  as 
definite  and  beneficial  ice  traps,  For  example  Mizmewarika  reservoir.  Barrier 
Bam,  Xananaskls  and  Horseshoe  developments  and  the  Ghost  dam, 

BAREIER  BAM  Although  power  is  developed  at  this  site  it 
was  constructed  especially  to  eliminate  slu$h  ice  which  interfered  with  the 
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operation  of  the  Kananaskis  and  Horseshoe  power  plants  which  had  only  small 
fore  bays  on  the  Bow  River.  She  effect  of  the  Barrier  Bam  is  to  eliminate  the 
ice  formed  from  some  thirty-five  miles  of  the  gananaakis,  a  turbulent  river, 
before  it  enters  the  Bov  River  at  Seebe. 

GHOST  RESERVOIR  The  Ghost  reservoir  having  75*000  acre  feet 
of  storage  not  only  acta  as  an  efficient  ice-trap  to  eliminate  the  passage  of 
ice,  but  on  account  of  its  else  the  water,  under  the  ice-sheet  of  the  reservoir, 
is  actually  heated  in  its  passage  and  leaves  the  reservoir  at  a  temperature  of 
9ome  one-half  to  two  degrees  above  freezing*  The  manner  in  which  this  heat  is 
transferred  to  the  water  is  not  clearly  understood*  (See  exhibit  8l  showing 
water  temperatures  in  Ghost  reservoir,  December  21,  1944). 

The  result  of  these  conditions  is  to  eliminate  ice  forming 
conditions  for  some  distance  downstream  from  the  Ghost  Bam,  This  distance  Is 
dependent  on  the  severity  of  the  weather  and  varies  from  two  and  one-half  to 
nineteen  miles. 

From  the  above  it  is  evident  that  the  Ghost  Dam  has  a  very 
beneficial  effect  on  ice  conditions  downstream.  However,  as  the  Ghost  Bam  is 
some  forty  miles  upstream  from  Calgary  it  cannot  protect  more  than  fifty  per 
cent  of  the  conditions  in  the  river.  It  is  therefore  necessary  to  provide 
additional  means  to  prevent  flooding  in  the  Calgary  -  Bowness  area, 

.Apart  from  incipient  points  that  trap  ice  due  to  lodgment  In 
the  intervening  stretch  of  the  river  and  beyond,  there  were  at  least  three  points 
In  the  vicinity  of  Calgary  that  formed  definite  ice  traps  vis,-  Earn  Claire  weir, 
Jeffrey1  a  pool  and  Carsland  Bam, 


EAU  CLAIRE  WSIH  As  early  as  1893-9**  ice  Jamming  and  winter 
flooding  at  Calgary  was  noted  as  a  result  of  high  backwater  caused  by  an  Ice  pack 
building,  up  from  the  Ean  Claire  weir.  Since  that  time,  up  to  19*46,  when  the  weir 
was  removed,  flooding  upstream  was  more  or  less  of  common  occurrence*  Since 
19*+6  lodgment  has  been  transferred  further  downstream  and  an  Icepack  starts  at 
the  still  water  formed  by  the  gravel  excavation  at  Jeffrey^  Fool  and  advances 
upstream  with  the  tf.I.D*  dam  as  a  key* 

The  high  resulting  backwaters  may  cause  flooding  in  east 
Calgary  and  aggravate  the  seepage  problem  upstream. 

The  evidence  presented  to  the  Commission  was  practically 
unanimous  to  the  effeot  that  a  major  ice-trap  such  aa  a  dam,  with  or  without  power 
development  at  Bearspaw  would  go  a  long  way  towards  solving  the  problem  of  winter 
flooding  in  the  Calgary  -  Bowness  area.  In  this  connection,  however,  other  man¬ 
made  works  may  be  found  to  be  necessary  in  order  to  provide  for  further  protection 
In  the  area  below  Bearspaw* 

(c)  Bearsnaw  Power  Development.  An  ice  trap  consisting  of  & 
dam  with  moderate  head  would  not  give  as  adequate  protection  downstream  as  the 
Bearspaw  Fower  Development  plan  with  a  proposed  head  of  forty-four  feet*  The 
former  would  cost  some  $1,000,000.  and  would  only  form  a  reservoir  some  one-half 
mile  in  length  and  due  to  the  low  height  of  the  dam  telescoping  of  ice-pack  within 
the  intervening  thirty  miles  of  the  river  up  to  the  Ghost  may  cause  ice  to  be 
discharged  over  the  ice~trap9  together  with  a  flood  of  water* 

Again  a  well  known  principle  of  water-power  leases  is  to  provide 
for  maximum  development  at  any  water-power  site.  In  fact  the  terms  of  agreement 
between  the  Government  of  the  Province  of  Alberta  and  the  Calgary  Power  Ltd* 
provides  that  the  next  development  undertaken  by  that  Company  on  the  Bow  River 
will  be  at  the  Bearspaw  site.  This  development  could  be  so  planned  that  an 


ice-trap  be  first  built  and  later  incorporated  into  the  permanent  dam.  However, 
as  an  ice-trap  would  give  less  protection  to  Calgary  -  Bowness  area,  the  Commi¬ 
ssion  must  therefore,  in  view  of  all  the  circumstances,  consider  the  final  develop¬ 
ment  of  the  Bearspav  site,  because  when  operated  as  a  power  development,  there 
will  be  other  advantages  the  principal  one  being  the  regulation  within  narrower 
limits  of  the  fluctuating  flow  occasioned  by  the  operation  of  the  Ghost  plant. 

The  Bearspav  site  is  situated  about  ten  miles  west  of  Calgary  and  some  thirty 
miles  east  of  Ghost  plant.  The  head  is  forty-four  feet  and  the  proposed  capacity 
is  25»000  b.k.p# 

While  the  dam  till  create  a  reservoir  3ome  five  and  one-half 
miles  long  the  water  will  not  be  used  for  storage  purposes  as  the  plant  will 
operate  on  the  water  provided  from  the  operation  of  the  Ghost  plant. 

The  advantages  to  be  secured  from  the  standpoint  of  winter 
flooding  in  the  Calgary  -  Bowness  area,  are  as  follows,- 

(a)  the  forty  miles  of  ice  forming  conditions  between  Ghost  plant 
and  Calgary  would  be  reduced  to  ten  miles  as  a  maximum; 

(b)  under  ordinary  winter  conditions  it  is  expected  that  this  would 
be  further  extended  by  ice  free  conditions  below  Bearspaw  for 
from  two  to  five  miles,  leaving  only  from  five  to  eight  miles  of 
ice  forming  conditions  between  Bearspaw  and  Calgary; 

(c)  should  additional  measures  be  required  between  Bearspaw  and 
Calgary  a  simple  and  not  costly  ice-trap  would  take  care  of  the 
situation  as  there  would  be  comparatively  little  ice  to  contend 
with  as  everything  upstream  from  Bearspaw  will  be  taken  care  of; 

(d)  the  production  of  power  at  Bearspaw,  even  under  peak  load  condi¬ 
tions,  will  not  result  in  such  fluctuating  conditions  at  Calgary 
as  now  exist  from  the  Ghost  plant,  which  have  been  accentuated 
by  ice  forming  and  jamming  conditions  over  the  forty  mile  stretch 
of  river.  This  reduction  to  from  five  to  eight  miles  will  be 
beneficial; 

(e)  It  fits  in  with  the  general  plan  of  the  proposed  power  develop¬ 
ment  of  the  Bow  River.  The  important  Shepard  site  could  only  be 
developed  with  the  development  of  Bearspaw  a9  a  prerequisite.  By 
this  it  is  not  meant  that  the  problem  of  the  Shepard  site  is 
automatically  solved  by  the  Bearspaw  dam,  as  other  factors  will 
yet  have  to  be  solved# 
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The  Commission  recommends  that  the  construction  of  the 
Bearspav  Baa  he  hullt  as  offering  the  most  important  single  solution  to  ice 
jamming  and  flooding  in  the  Calgary  -  Bowness  area* 

(d)  Dykes*  In  respect  to  dykes,  the  Commission  is  in  accord 
with  the  report  of  the  Permanent  Flood  Committee,  January  l6th  and  17th  (Exhibit 
33  (in  part)  as  follows,- 

“Bis  result  of  the  dyking  work  and  vails  constructed  during 
1951  was  in  general  considered  very  successful,  An  elevation  of  tvelve  and 
one-half  feet  above  3,000  c.f.s,  open  water  level  was  selected  hy  this  Committee 
earlier  in  the  year  to  he  the  top  level  to  vhich  all  dykes  vere  to  he  constructed. 
All  dykes  vere  not  completed  to  this  elevation  during  the  year  hut  the  most 
important  areas  vere  protected  to  this  height.  High  backwaters  vere  experienced 
at  new  locations  with  water  levels  even  with  the  top  of  the  dykes.  As  points 
of  high  backwater  cannot  he  determined  in  advance,  the  areas  that  had  flooded 
In  previous  years  received  prior  attention.  Very  minor  flooding  over  dykes 
or  seepage  through  them  was  experienced  and  the  over-all  result  was  satisfactory. 
Without  dykes  this  year  there  would  have  been  larger  areas  than  ever  before 
flooded  from  the  surface. 

“The  Committee  considered  the  question  of  widening  and  rip¬ 
rapping  all  dykes.  During  the  ice  forming  conditions  with  high  water  there  is 
little  or  no  erosion  on  the  sides  of  dykes.  The  length  of  peak  flows  during 
possible  summer  floods  has  always  been  of  short  duration.  It  was,  therefore, 
considered  that  widening  and  riprapping  would  be  unnecessary  at  this  time  unless 
erosion  justifies  this  action  at  a  later  date.  It  is  recommended,  however, 
that  all  dykes  immediately  fronting  and  protecting  dwellings  be  loaned  and  seedb¬ 
ed  vhich  would  Increase  ths  resistance  of  the  dykes  to  erosion  as  well  as  improve 
the  appearance.  It  is  further  recommended  that  all  locations  be  checked  again 
for  elevation  and  that  additional  dykes  bs  constructed  If  not  already  in  place. 

The  dyks  on  part  of  ths  Sunny  side  Boulevard,  was  never  raised  to  ths  level 
selected  by  the  Committee  because  of  the  objection  of  the  residents  fronting 
on  the  river.  Ths  Committee  recommends  the  raising  of  this  dyke  to  the  selected 
height, 

“As  already  pointed  out  in  the  flood  report  of  19b6  dykes 
vere  never  considered  of  value  in  alleviating  underground  seepage.  Practically 
all  the  trouble  experienced  in  Calgary  this  year  was  due  to  this  condition. 
Underground  stratas  adjacent  to  the  river  are  comprised  of  river  gravels  and 
therefore  with  high  water  levels  in  the  river  seepage  cannot  be  prevented,  Ths 
existence  of  water  bearing  gravels  is  a  well  known  condition  in  Calgary 
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particularly  in  the  areas  adjacent  to  the  river.  2he  combatting  of  the  seepage 
problem  would  require  complete  underground  studies  and  has  no  apparent  solution 
at  the  present  time. M. 

Further  in  respect  to  this  matter,  it  is  anticipated  that  the 
growing  demand  for  power  from  the  Bow  Hirer  system  will  result  in  higher  and  higher 
minimum  flows  daring  the  winter  months,  also  as  there  is  always  a  grave  danger 
from  spring  and  summer  floods  due  to  unusual  climatic  conditions,  consideration 
should  be  given  to  Increasing  the  height  of  dykes  at  vulnerable  points  where 
high  backwaters  may  be  expected  to  occur  (See  Figure  10  showing  dykes  constructed). 
Dyking  or  cribbing  at  points  in  the  Downes  a  and  Bowcrest  area  would  also  be 
beneficial. 

(e)  Elver  Improvements.  After  the  construction  of  the  Bearsn 
paw  Dam  and  the  winter  regime  of  the  river  has  been  established,  a  study  should 
be  made  towards  what  measures  should  be  taken  to  streamline  the  river  in  the 
Calgary-Bowness  area,  remove  obstructions,  etc.  with  the  object  of  preventing  ice 
jamming  and  the  elimination  of  high  backwaters,  which  cause  flooding  and  damage 
from  seepage  in  built  on  areas. 

(f )  Seepage.  Large  portions  of  Calgary  and  Bowness  are  built 
on  flood  plains  created  by  the  Bow  and  Elbow  Elvers.  The  sub-soil  is  therefore 
composed  of  water  borne  material  consisting  of  boulders,  gravel  and  sand  all  of 
which  are  pervious  to  water.  This  flood  plain  area  is  also  situated  in  a  valley 
surrounded  by  high  hills. 

The  above  conditions  are  ideal  for  the  creation  of  seepage, 
both  from  the  high  land  into  the  previous  floed  plaia  area  and  from  the  river  into 
the  same  area.  The  seepage  from  the  river  is  always  present  and  more  positive 
in  character  and  the  height  to  which  it  rises  depends  on  the  surface  level  of  the 
river  or  height  of  backwater.  Also  the  effect  of  seepage  becomes  more  apparent 
near  the  river  banks.  Seepage  from  the  high  land  increases  with  Chinooks  and 


rainfall 
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The  above  conditions  create  a  serious  and  difficult 
problem  to  solve,  except  at  high  cost.  The  resultant  damage  to  property 
holders  is  high*  Seepage  is  not  especially  a  winter  problem,  as  the  same 
results  are  obtained  in  the  spring  or  summer,  depending  on  the  height  of 
stage  of  the  river.  It  is  true,  that,  in  general  the  flow  of  the  Bow  Hirer 
is  lower  in  the  winter  than  in  the  summer,  but  the  high  backwaters,  result¬ 
ing  from  ice  jamming  raises  the  level  of  the  river  at  many  locations*  The 
seepage  problem  in  this  area  has  become  more  serious  recently  through  the 
encroachment  of  buildings  towards  ths  river  banks*  This  is  especially  true 
in  the  area  west  of  Calgary, 

Plate  4  is  an  aerial  photograph  of  this  area  taken  in 
1926  while  Plate  5  a  similar  one  taken  in  1949*  A  comparison  of  Plate  4 
with  Plate  5  shows  that  in  1926  there  were  less  than  a  dozen  buildings  situated 
near  the  banks  of  the  Bov  Blver  in  the  Bowness  area,  while  in  1949  almost 
the  whole  area  has  been  built  up.  Some  of  these  buildings  have  been  built  on 
areas  where  incipient  lee  jamming  or  spring  or  summer  floods  occur  which  can 
cause  serious  damage.  This  is  especially  true  of  Bow  Crescent  and  a  portion 
of  Bowness*  , 

It  will  be  noted  that  there  is  a  sharp  bend  of  the  river 
at  Bowness  just  beyond  Shouldlce  Bridge,  and  the  channel  of  the  river  la  very 
narrow  and  Is  being  further  restricted  by  land  slides  caused  by  natural 
conditions*  There  is  a  large  gravel  bar  just  below  this  point  and  as  stated 
before  (See  Figure  11)  this  is  a  point  where  ice  jamming  occurs  with  high 
backwater  which  continue  up  towards  Bowness  bridge, 

She  whole  question  of  allowing  buildings  to  be  built  on 
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critical  flood  areas  is  alarming,  not  only  on  the  Bow  Biver  hut  elsewhere  in 
Canada  and  the  United  States.  In  Canada  the  Winnipeg  flood  and  Fraser  River 
disaster  are  cases  illustrating  this  point*  As  an  illustration  of  the 
seriousness  of  the  flood  control  problem  in  the  united  states*  flooding  on 
the  Missouri  caused  over  two  hundred  million  dollars  damage*  Along  a  thous¬ 
and  mile  stretch  two  million  acres  of  farmland  were  under  water  and  130,000 
people  were  homeless.  After  a  tour  of  the  area  President  Truman  accused 
Missouri  Talley  governors  of  not  supporting  adeqfuate  control  measures.  He 
planned  to  recommend  that  Congress  streamline  the  multi-headed  administration 
of  the  plck-Sloan  plan  for  Missouri  Talley  flood  control  and  irrigation.  This 
plan  calls  for  the  construction  of  105  dams  and  reservoirs  which  would  have 
the  effect  of  preventing  floods.  The  cost  of  this  plan  is  estimated  at  six 
billion  dollars. 

Conditions  of  heavy  snowfall  in  the  Rocky  Mountains,  followed 
by  warm  winds  ana  heavy  rains  could  cause  serious  spring  or  summer  floods  in 
the  Calgary  Bowness  area. 

All  the  rivers  that  rise  on  the  Has  tern  slope  of  the  Rocky 
Mountains  are  becoming  of  greater  and  greater  importance  to  Alberta  for 
irrigation  and  power  purposes,  especially  since  the  resources  of  Alberta  are 
so  great  and  varied  that  industrialization  is  taking  place  at  a  very  rapid 
rate.  Less  than  twenty  years  ago  the  Province  was  largely  dependent  on 
agriculture  along* 

(g)  Bow  River  Control  Board.  As  the  Bow  River  is  of  great 
importance  to  Alberta,  both  from  the  standpoint  of  power  and  irrigation,  and 
as  there  is  a  critical  flood  problem  in  the  Calgary  -  Bowness  area  which  may 
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become  serious  as  time  goes  on,  the  Commission  recommends  that, a  Bow  Hirer 
Control  Board  be  set  up  to  deal  with  the  whole  matter  of  the  control  of  this 
river  from  the  standpoint  of  floods,  seepage  and  remedial  measures.  The  Board 
would  be  a  fact  finding  engineering  body,  separate  from  any  administrative 
Government  department.  As  it  could  not  usurp  the  functions  of  Government,  it 
would  bs  advisory  in  character  in  respect  to  Government  administration. 

The  purpose  of  the  Board  would  be  to  study  and  secure  the 
necessary  information  upon  which  to  advise,  and  ^within  the  above  limits,  to 
carry  out  its  investigations. 

At  the  present  time  engineering  plans  and  data  in  respect 
to  the  Bow  Elver  itself  are  of  too  meagre  a  character  upon  which  to  base  any 
definite  conclusions.  Again  improvements  and  new  developments  will  all  have 
an  effect  on  present  conditions.  The  question  of  seepage  Is  an  important  one, 
but  nothing  can  be  done  until  detailed  investigations  have  been  made  in  respect 
to  the  nature  of  the  sub-soil,  old  river  channels,  drainage  from  the  surrounding 
hills,  effect  of  flood  plain  of  the  Elbow  river,  a  study  of  incipient  ice  jams 
in  the  river,  the  effect  of  ice  traps  now  existing  on  the  river  pollution  etc* 

Many  improvements  can  be  made  in  the  river  bed  itself  which 
will  tend  to  prevent  flooding.  A  study  should  bs  made  of  these.  Studies  should 
also  be  made  in  respect  to  dykes.  These  would  include  locations,  riprapping 
at  certain  places  and  the  height  of  dykes  to  be  established  under  changed 
conditions  from  time  to  time* 

The  Board  could  request  specific  studies  to  be  m&de  of  ice 
engineering  at  the  University  of  Alberta  or  national  Research  Council* 

The  monies  required  to  finance  the  required  work  under  the 
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direction  of  the  Board,  to  be  provided  by  the  Government  of  the  province  of 

✓ 

Alberta,  Calgary  Power  Ltd  and  the  City  of  Calgary,  Bowness  et  al* 

It  is  suggested  that  the  above  parties  have  engineering 
representation  on  the  Board  and  that  the  Director  of  Water  Resources,  Province 
of  Alberta,  be  Chairman;  a  representative  of  the  Water  Resources  of  the 
Dominion,  also  to  be  a  member  of  the  Board, 

(h)  The  Commission  further  recommends  that  appropriate 
legislation  be  passed,- 

(1)  to  prevent  settlement  or  building  on  areas  which,  in 

the  opinion  of  authority  are  subject  to  serious  danger 
from  flooding; 

(ii)  to  cause  to  have  buildings  removed  from  critical  flood 
areas  where  reasonable  protection  cannot  be  provided^ 

It  Is  admitted  that  in  respect  to  the  latter  the  problem 

may  be  difficult  on  account  of  vested  interest,  but  nevertheless  it  is  most 

desirable  that  this  be  done, 

(i)  The  Bowness  steel  bridge  is  constructed  across  the  Bow 
River  just  below  the  Bowness  park  lagoon.  The  height  of  the  deck  of  the  bridge 
is  too  low  to  give  sufficient  clearance  in  case  of  an  ice  jam  which  may  build 
up  from  a  point  near  Shouldice  Bridge, 

In  1951  the  north  end  of  the  south  truss  of  the  bridge  was 
shifted  some  ten  inches  on  its  pier  from  a  pack  lodged  about  one-qparter  of 

1 

a  mile  from  Shouldice  Bridge,  This  is  the  second  occasion  that  this  bridge 
has  been  affected  by  ice  jamming  and  the  Commission  recommends  that  the  approaches 
to  the  bridge  be  regraded  and  the  bridge  raised  to  a  suitable  higher  level. 
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VIII  SUMMARY  AND  KBC0MKBIIDATI0N3. 

The  Bow  Elver  in  ita  natural  state  waa  capable  of  producing 
only  some  2,500  h.p*  in  the  winter  months*  The  climatic  conditions  are  such 
that  the  high  summer  flow  of  the  river  is  some  three  hundred  times  the  minimum 
winter  flow.  Storage  reservoirs  constructed  at  the  headwaters  have  been  the 
means  of  converting  this  river  into  the  most  important  power  development  in 
the  province. 

The  Installed  capacity  of  eight  plants  now  amounts  to  209,050 
h.p*,  and  the  ultimate  capacity  is  some  575*000  h.p.  The  demand  for  power 
from  this  source  in  Alberta  Is  increasing  rapidly,  being  some  200  million 
k.w.  hrs.  in  19^1  and  over  700  million  k.w.  hrs.  in  1951*  Th«  power  developed 
is  being  distributed  to  more  than  half  the  Battled  area  of  the  Province, 

Including  towns,  villages  and  farms* 

Prom  the  above  it  is  evident  that  the  principle  of  conservation 
of  flood  run-off  water  has  enured  to  the  benefit  of  tha  province  as  a  whole* 

The  increase  in  the  winter  flow  has  naturally  affected  the 
winter  regimen  of  the  river.  The  average  winter  flow  in  its  natural  stats 
was  as  low  as  300  c.f.s*  This  has  been  increased,  or  is  capable  of  being 
increased,  to  some  3*200  c.f.s* 

Winter  floods  occurred  in  the  Calgary  -  Bowness  area  from  ice 

# 

jamming  before  storage  reservoirs  were  cons  true  ted,  but  records  show  that  they 
have  occurred  more  frequently  under  higher  winter  flow* 

It  is  true  that  In  recent  years  the  average  winter  temperatures 
have  been  lower  than  formerly,  but  whether  this  would  account  for  the  increased 
frequency  of  winter  flooding  or  not.  It  is  most  difficult  to  say*  It  la 
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certain  that  the  storage  reservoirs  have  a  narked  effect  in  reducing  the  amount 
of  ice  formed  as  they  effectively  trap  all  ice  formed  above  their  locations. 

The  Ghost  plant,  for  example,  not  only  traps  all  ice  coming  to  the  reservoir, 
hut  also  releases  water  at  a  temperature  a  little  above  freezing  so  that  there 
is  a  considerable  distance  of  ice  free  water  varying  with  the  temperature 
before  freesing  takes  place.  The  Ghost  plant  is  operated  as  a  peak  load  plant 
and  therefore  the  water  discharged  fluctuates  in  wide  limits  from  150  c.f.s. 
to  3,500  c.f.s. 

During  the  past  few  years  the  permanent  Flood  Committee  were 
of  the  opinion  that  in  this  forty  miles  of  river  ice  gouging  and  telescoping 
which  occurred  during  daily  fluctuating  flows  contributed  to  ice  jamming  and 
that  a  fairly  high  uniform  flow  would  be  advisable. 

Uniform  flow  was  made  operative  December  6th  to  9th  at  a 
rate  of  2,800  c.f.s.  On  December  9th,  owing  to  mild  weather, uniform  flow  was 
discontinued  temporarily.  On  December  13th  it  wa3  re-established  at  a  rate 
of  3,000  c.f.s.  until  December  22nd.  On  December  22nd  it  was  reduced  to 
2,200  c.f.s.  until  January  25th,  1952.  The  general  observation  of  the  Committee 
was  that  uniform  flows  did  not  result  in  improved  conditions  in  the  Calgary- 
Bowness  area.  The  backwaters  resulting  from  the  uniform  flows  of  1951-52  were 
as  high  as  the  backwater  stages  observed  daring  the  fluctuating  flows  of 
previous  years.  The  results  securid  from  this  experiment  were  therefore 
negative.  It  appears  that  regulation  from  the  Ghost  plant  is  not  a  solution 
to  the  winter  flood  problem  on  account  of  its  distance  from  Calgary  and  the 
many  points  in  between  where  incipient  ice  Jams  nay  occur.  In  conclusion  the 


Committee  states. 


' 


. 
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"Hirer  studies  to  the  present  time  have  not  established 
that  uniforn  flows  are  no  re  advantageous  than  fluctuating 
flows,  hut  It  19  the  concensus  of  the  Commit  tee  that  high 
minramum  flows  would  he  preferable  to  the  low  minimum  flows 
of  the  past  years, ", 

R1C0MKEHDATI0HS 

Ioe  jamming  and  winter  flooding  has  occurred  on  the  How 
Hirer  in  the  Calgary  -  Bowness  area  before  the  winter  flow  had  been  Increased 

by  the  construction  of  storage  reservoirs*  It  now  occurs  more  frequently 

* 

under  fluctuating  flow  and  the  recent  experiment  of  uniform  flow  gave  no  -  \ 

/ 

solution*  The  evidence  presented  to  the  Commission  was  practically  unanimous 

\ 

to  the  effect  that  the  Bearspaw  Power  Development  would  go  a  long  way  towards 

\ 

solving  the  problem  of  winter  flooding  In  the  Calgary  -  Bowness  area* 

1*  The  Commission  is  in  agreement  with  this  proposal  and 
recommends  the  construction  of  the  Bearspaw  development  a3  soon  as  possible 
as  offering  the  most  Important  single  solution  to  Ice  Jamming  and  flooding  in 
the  Calgary  -  Bowness  area* 

2*  As  the  problem  of  flooding  and  seepage  la  a  continuous 
one  even  after  Bearspaw  is  developed,  the  Commission  recommends  that  a  Bow 
Hiver  Control  Board  be  set  up  to  deal  with  the  whole  question  of  the  control 
of  this  river  from  the  standpoint  of  floods,  seepage  and  remedial  measures* 

3*  The  Commission  further  recommends  that  appropriate 

« 

legislation  be  passed,- 

(a)  to  prevent  settlement  or  building  on  areas  which  in  the 
opinion  of  anthorlty  are  subject  to  serious  danger  from 
flooding; 

(b)  to  cause  to  have  buildings  removed  from  critical  flood  areas, 
where  reasonable  protection  cannot  be  provided* 


4.  The  Commission  recommends  that  the  Bownesa  steel  "bridge 


"be  raised  to  a  suitable  height  to  prevent  its  loss  or  damage  by  ice  Jamming, 

5.  The  Commission  recommends  extensions  of  dykes  in  Calgary 
and  cribbing  or  dyking  in  place*  in  the  Bovness  area.  Also  that  considera¬ 
tion  be  given  to  increasing  the  height  of  the  present  dykes  to  take  care  of 
possible  spring  or  summer  floods* 

6*  The  Commission  is  unable  to  make  any  specific  recommenda¬ 
tion  in  respect  to  the  solution  of  the  seepage  problem  on  account  of  insuffic¬ 
ient  Information*  This  mattsr  requires  further  investigation  as  Tinder 
Recommendation.  2* 

7*  Certain  abnormal  climatic  conditions  can  happen  at  the 
headwaters  of  the  Bow  River  system  that  would  cause  serious  spring  or  summer 
flooding  in  the  Calgary  —  Bowness  area*  These  conditions  are,-  much  above 
normal  snowfall  in  the  mountains  during  the  winter  followed  by  warm  westerly 
winds  in  the  late  spring  or  summer  accompanied  by  excessive  rainfall  that 
causes  the  snow  to  melt  rapidly  before  the  ground  has  a  chance  to  become  un- 
froaen  and  the  water  soak  in.  Normally,  some  snow  melts  each  day,  but  at 
night  the  temperatures  drop  below  frees Ing,  in  the  mountains,  and  the  thaw 
slows.  The  only  recourse  when  such  a  condition  is  expected,  is  to  take 
advantage  of  the  storages  now  constructed  and  see  that  they  are  drawn  down 
to  such  a  level  as  to  take  care  of  such  emergency* 

This  would  also  be  a  function  of  the  recommended  Bow  River 


Control  Board* 
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(AS  AT  MARCH  1st,  1952) 


mVRAL 

i  i 


ELECTRIFICATION 

the 

PROVINCE  OF  ALBERTA 


(AS  AT  MARCH  1st,  1952) 

CALGARY  POWER  LTD.  —  Through  Its  Subsidiary  FARM  ELECTRIC  SERVICES  LTD. 


1  Olds 

36  Raymond 

71  Hampton 

106  United 

2  Taber 

37  Wainwright 

72  Balzac 

107  Mossleigh 

7  ‘--(’inner 

38  One  Tree 

73  Stony  Plain 

108  St.  Mary's 

i  He d  Deer 

39  Wabash 

74  Fort 

109  Central  Community 

b  Sturgeon 

40  Ray 

75  Armena 

110  Chipman  Creek 

*  I  fthbridge 

41  Cassils 

76  Chief  Mountain 

111  Hollandale 

7  r:  wood — Hillspring 

42  Penhold 

77  Auburndale 

112  Daysland 

h  Pcnoka 

43  Leduc  West 

78  Gilbey 

113  Tofield 

*  Acme 

44  West  Liberty 

79  Usona 

114  Ardrossan 

,  *  i  pringbank 

45  Park  Lake 

80  Barons 

115  Mearns 

i  Strathcona 

46  West  Airdrie 

81  Sylvan 

116  North  Killam 

,2  Fairview 

47  Lyalta 

82  Cayley 

117  South  Killam 

3  BHrcklalds 

48  Beiseker 

83  Brant 

118  Strome 

;  4  Coaldale 

49  Longview 

84  Bowden  No.  3 

119  Chauvin 

'  S  Gem 

50  Parkland 

85  Ervic 

120  Duftield 

;•  Lacombe 

51  Okotoks-DeWinton 

86  Crossfield 

121  Hudson 

!  7  Rt  ternary 

52  Blindman  Valley 

87  Gibbons-Bon  Accord 

122  Sedgev/ick 

IP  Eckville 

53  Clearwater 

88  Leslieville 

123  Gratton 

i9  Bow  North 

54  Cremona 

89  Warner 

124  Strawberry 

Irricana 

55  Mountain  View 

90  Stavely 

125  North  Edgerton 

Angus  Ridge 

56  Bowden  No.  1  6  No.  2 

91  Amisk 

123  South  Edgerton 

Frank  Lake 

57  Foothills 

92  Rockyford 

127  Hayter 

.3  Markerville 

58  Fredricksheim 

93  Pulteney 

128  Provost 

.1  '.Vinterburn 

59  Spruce  Grove 

94  Bruderheim 

129  Ryley 

.  3  Craniord 

60  Evergreen 

95  Clive 

130  Holden 

.6  Gladys 

61  Battle  River 

96  Legal 

131  Lockhart 

3 !  R:  Diewood 

62  Turin-Iron  Springs 

97  Kingman 

132  Ortton 

24  Carstairs 

63  Bov/  Slope 

98  Tilley 

133  Lynaria 

21  West  Wetaskiwin 

64  Red  Deer  West 

99  V.N.M. 

134  White  Cloud 

39  Wang 

65  Neutral 

100  Millarville 

135  Grainger 

?.  Pin  Bend 

66  Vulcan 

101  Boundary 

136  Burdett 

32  Vauxhall 

67  Harmony 

102  Rolling  Hills 

137  Rocky  Mtn.  House 

:  •  Little  Red  Deer 

68  Connemara 

103  Milo 

138  Roseberry 

t  Rosebud 

69  Waterglen 

104  Border 

139  DelBonita 

35  West  Didsbury 

70  Namaka 

105  Fire  Guard 

140  Black  Diamond 

CANADIAN 

UTILITIES  LIMITED 

!A  Spirit  River 

27A  Warwick 

53A  Minburn 

78A  Veteran 

2  A  Wan  ham 

28A  Brodie 

54A  Auburndale 

79A  Delburne  West 

7A  Valhalla  Center 

29A  Inland 

55A  Paradise  Valley 

80A  Delburne 

4  A  Pioneer 

30A  Beaverhill  Lake 

56A  Merton 

81 A  Lousana 

'■A  Scenic  Heights 

31A  Martins 

57A 

82A  Elnora 

‘  A  Beaver  Lodge  South 

32A  Brush  Hill 

58A 

83A  Huxley  West 

"A  Grande  Prairie  Individuals 

33A  Lavoy 

59A  Nevis 

84A  Huxley  Ext. 

f  A  Grande  Prairie  .East 

34A  Ranfurly 

60A  Kelsey 

85A  Torrinqton 

9  A 

35A  Elk  Point  (North) 

61 A  Kelsey  Ext. 

86A  East  Trochu 

!  C  A 

36A  Elk  Point  (South) 

62A  Melrose 

87A  Rowley 

.  A  Grand  Center 

37A  Beauvallon 

63A  Sterling 

88A  Rowley  Ext.  (1952) 

•  A  Ardmore 

38A  Myrnam 

C4A  Forestburg 

89A  East  Rowley  Ext. 

J A  Bonny ville 

39A  Derwent 

65A  Forestburg  Ext. 

90A  West  Rowley  Ext. 

4 A  Dupre 

40A  Greenlawn  Ext. 

65AA  Forestburg  Ext. 

91A  Ghost  Pine 

‘  A  Mallaig 

41 A  Greenlawn 

66A  Up-to-Date 

92A  Twining 

•  A  St  Vincent 

42A  Lea  Park 

67A  Spruce  Coulee 

93A  Sunnyslope 

■  A  St  Paul 

43A  Campbell  Lake 

C8A  Science  Mound 

94  A  Swalwell 

■A  Owlsevc 

44A  Hazeldine 

69A  Red  Willow 

95A  Carbon 

*  A.  S  t  r  y 

45A  Bellcamp 

70A  Stettler 

96A  Munson 

-  A  V ah:; too 

46A  Durness 

71 A  Sabine 

97A  Michichi 

Waskatonau 

47A  Islay 

72A  Fenn 

98A  C  L  V. 

-  A  (  iwale 

48A  Borradaile 

73A  Zenith 

99A  Over  the  Hill 

A  WiJimqdon 

49A  Kitscoty 

74A  Endiang  North 

100A  Wayne 

••  mdare-Hilliard 

50A  Devonia 

75A  Craigmyle 

1 0 1  A  Wintering  Hills 

•  A  D  -I  Creek 

51  A  Clasmore 

76A  Scapa 

102 A  Castor 

■  A  Hairy  Hill 

52A  Ottawa 

77 A  Hanna 

103A  Allianco 

NORTHLAND 

UTILITIES  LIMITED 

11  Manning 

4B  White  Swan 

7B  High  Prairie 

10B  Stewart 

"'I'nt  River 

5B  McLennan-Girouxviile  6B  Jean  Cote 

1 1  B  Rochfort  Bridge 

•  anreno 

6B  Wildwood 

9B  Kirndale 

12B  Saddle  Valley 

Figure  4 
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/  ’  \  N  the  opposite  side  of  this  page  there  is  a 

I  I  maP  illustrating  the  progress  which  has 

\  /  V  /  been  made  in  farm  electrification  over  the 
A.//  past  few  years.  This  progress  has  been 
:  .  :de  possible  by  the  excellent  co-operation  which 
r.as  prevailed  between  the  Farmers,  the  Govern¬ 
ment  of  Alberta  and  the  Power  Companies. 


There  are  now  256  Rural  Electrification  Areas  in 
Alberta  either  completed,  under  construction  or 
proposed.  Most  of  the  credit  for  the  progress  which 
has  been  made  should  go  to  the  farmers  themselves, 
Jor  their  initiative,  enthusiasm  and  co-operative 
effort. 

For  Alberta  the  best  way  of  carrying  out  farm  elec- 
tr :ficat  on  is  by  the  Rural  Electrification  Co-opera- 
hve  Association  method.  Under  this  plan  the  farm¬ 
ers  who  are  concerned  make  the  decisions  them¬ 
selves.  Also  the  farmers  in  co-operation  with  each 
other  and  in  co-operation  with  those  who  carry  out 
the  'actual  construction  work  can,  and  do,  assist 
materially  in  keeping  construction  costs  to  a 
minimum. 


Farm  Electrification  represents  one  of  the  largest 
and  most  effective  jobs  of  co-operative  effort  ever 
carried  out  in  Alberta.  This  is  co-operation  at  its 
rest.  Considering  the  fact  that  only  a  handful  of 
farmers  had  farm  electrification  in  1943,  the  ad¬ 
vancement  which  has  been  made  in  less  than  ten 
years  is  really  outstanding  —  something  of  which 
those  who  had  a  part  in  this  work— the  Farmers, 
Provincial  Government  and  the  Power 
Companies,  can  be  justly  proud. 


he  farmers  are  proud  of  their  efforts  and  have  a 
neat  feeling  of  accomplishment  when  a  project  is 
mploted  and  the  lights  are  turned  on.  They  know 
it  the  people  of  the  Province  will  have  to  pay  for 
.:a!  Electrification  in  the  long-run,  either  directly 
r  indirectly.  Those  who  through  their  own  initia- 
'  ve  have  achieved  this  goal  are  very  jealous  of 
•  r  position  and  would  not  stand  for  an  increase  of 
to  subsidize  projects  which  are  too  costly  by 

•  "no  of  the  fact  that  the  service  was  being  extend- 
t  to  too  sparsely  settled  areas. 

'•  ’’  irsoly-settled,  low-production  areas  farms  are 
■  ’•.''rod  This  increases  the  amount  of  line 
1  ;  -  rod  per  farm  and  consequently  the  cost  of  pro- 

•  '  farm  electrification.  In  some  areas  the  cost 

t  run  as  high  as  four  times  and  more  the  cost 
;  "oviding  farm  electrification  in  the  more  pro¬ 


ductive  areas.  Irrigation  is  proposed  for  some  of 
the  areas  in  the  south-east  and  when  irrigation  is 
provided,  farm  electrification  will  then  be  economi¬ 
cally  feasible. 

Electric  service  to  farmers  in  Alberta  is  supplied  by 
the  power  companies  at  cost.  The  farmer  does  not 
pay  any  of  the  first  cost  of  the  transmission  line  from 
whence  the  service  to  his  area  originates,  but  be¬ 
cause  he  does  pay  for  the  actual  rural  lines,  he 
enjoys  a  low  energy  rate  for  the  power  he  uses. 

Nov/,  what  of  the  future  ?  First,  Rural  Electrification 
to  new  areas  is  going  ahead  on  schedule.  As  time 
goes  on  more  transmission  lines  will  be  built  by  the 
power  companies  in  new  locations  and  many  of 
these  are  now  in  the  planning  stage.  This  will 
advance  farm  electrification  because  it  will  bring 
central  station  service  close  to  areas  where  service 
to  them  now,  because  of  their  remoteness  from 
present  transmission  lines,  would  be  very  costly. 

It  is  gratifying  to  note  that  recognition  is  given,  in 
the  farm  sale  market,  to  the  investment  made  by 
farmers  in  getting  farm  electrification.  Under  the 
"Farms  for  Sale"  heading  in  the  newspapers  it  is 
noticeable  that  farms  with  electrification  command 
a  much  higher  price  than  those  without  farm  elec¬ 
trification.  The  difference  in  price  of  farms  is  more 
than  double  the  amount  the  farmers  have  invested 
in  line  construction  costs  and  building  wiring  costs. 

There  is  another  partner  in  the  Farm  Electrification 
Co-operative  Association  plan  whom  we  haven't 
mentioned.  It  is  the  farmer's  wife.  She  has  been 
one  of  the  most  effective  forces  in  the  successful 
progress  which  has  been  made.  Not  only  has  she 
been  enthusiastic  in  supporting  the  forming  of  the 
associations,  but  in  many  cases  she  has  provided 
the  good  meals  for  the  construction  crews  at 
reasonable  cost.  Mrs.  Farmer  gets  her  reward  when 
the  power  is  turned  on.  She  then  has  the  oppor¬ 
tunity  of  obtaining  all  the  household  appliances  to 
take  much  of  the  drudgery  out  of  household  tasks. 

Farmers,  through  Rural  Electrification  Co-operative 
Associations,  are  accomplishing  a  job  in  a  success¬ 
ful  way  which  could  not  be  accomplished  as  well  or 
at  as  reasonable  cost  by  any  other  agency  —  and 
doing  it  themselves  without  calling  on  the  tax¬ 
payers'  money  for  help. 


^  v-OGQ 


■c  vsoe 


■^\VIV  c  *\!3^  ON 


n$S#!W^ 

HS  g  -1  i-tjf  *4-1  !  <9 

ilH :  i-'si • .:  j  rs 


*0  '<S'.;  %Vix'T) 


■“o.tw  sksUsKy  -  < q  n 
1  .N  nVx  >.'>'■»  -  :s^ 


'-N'X  .V"\"',  > 


* 


■  'V*'  .vct^.  ■, 


>< 


/j£6//>'////.'. 


m&/& 


mim 


immm 


\)  1  ilMIANn  .  OKI  ..ll. s.  A 


nvj.fr .  Ki.dp*<i>l-t 


L  Lj  j-l  Lj  i-|. 


tIt 


•/0-OO- 


w  1\\WT)  XVv 


l  |  J  ^  0  ^ ;  *Jck‘  \£>  \  K*V  ■ 

i  ;  :  N  n><x  n< 


aSn^  vx  CK  \£i'  5 r)  v^V.'V's, 


>VsW  q^MS  &  &K  V  \K^.'  N'X) 


S^Tsj^T 

;  iTS'x 


-VvW 


^  wj  ;\\w^  j'-vfx 
Nj  ftj  j-!  t  :<r-!  i 


:N^  \V(^  ;<^i 


\±M.m ssaaLiii! 


mZ9:M: 


mO:3A 


1  iVhfJ‘.  KOOHDI.K  f’Art  l< 


' 

:. 

Q 

1  1 

r 

H  i 

xJJ  - 

7 

v 

7 

1 

1 

w 

I  f  U.  01 i 


-ZOOQ- 


Uj-4 


~/ooo 


utm 


XTXtPMx 


*» &Ar*ia  -Ni  ; 

,w  xx'v  VvV 


;^5als5$^S5:>'J 


i  \  -  .  r  -  li  •  l  :  r  -  t  -■-  -  I. 

hiailtii-i 


!s\^.  .>.n^S  -Y\\ 


1  \\f<  'NV(^ 

s'  HXsItH  ‘1  L-  : 


NN\n  >: 


ji  Z'fSC  I  'sSG/tWWG 


;/rx:  a'/:o/av,ov/i7  \ 


m&M 


WO:M\ 


1 

• 

l 

/ 

ife 

4^+h  x 

“.  L":”  ^ 

->  -f 

-i  -p 

jfp§ 

.  .L 

j-  •— 

ICtT-T 

.pi 

TX 

-11 

lxl  lx 
rPr  f’T 

: 

- 

& 
— ,_N 

- 

-1- 

s 

- 

; 

iz 

- 

-.4- 

LMJ 

,3000- 


'-/ooo- 


-/o  oo- 


Si'S 


■  »■  }§<'  l&IWK '  .<'•'' '■!<  n\' 


|Uii4  :  -f-i  i-  j-i<5'4-  4 

<^:!:!:&  L;  jitU  ■  - 

i  '  i  ii  iri 


<  t^.S'N  .iVy* 


ft  ft^H  ft'VX 


S\ft  NVn*! 


sv\  x.x'\!'l 


■A",  ;/i 


JLLLLLLLl 


l  UPO'L  D  VULPf  L  CO.  (*>  •:.  f  l  ANO  .  ORl  .0. 


iJ-i ; l  '3000 


!  .Ml  //OfVOi  T/AfG. : 
VO:  CO:/fAfYAT/0fV. j Of 


r/i’/o  f-omoo 

l.f. ill-:  1  l-i  ;  *  !  i- 


fWf 

:v/A'y 


yiWJ\ 


N0_'v){o''v 


^  i  -.  i  ■  d  ■ 


MOMTtfi % 


ws&sz 


mo^L 


\  f.lM’OLO  VOlPt  l  .•••  t'0.  p.’i  1!  AND  .  OIU  .  .VAA  A, 


h  j  i; 

i  i: 

-  i- 

.i 

t 

:i 

■ 

rn 

!  -1- 
1  1 

J 

4 

Li: 

■ 

_i : 

3000 


31000 


3600 


Tpj 

iij 

"1 

■  | 

-j 

H 

1  ! 

!-i-l  i 

~ 

J- 

li¬ 

■ 

[ 

ft 

mv. 


ZZOZ. 


1 

i  : 

r  \"l 

r~  • 

-j  i-  —  : 

-.A  . 

;  i i 

:  r.: ; ! 

‘  1  :  •  ■  r 

h  i  t.i  i 

mhi 

J_i  L 

V  i 
\ 

? 

t. 

\ 

\ 

■■ 

\ 

— | 

J- 

-  i- 

■  ’ 

1 

i !  i.rm  i' 


-zo-oo- 


'ooa 


A177/V.G. 


rym'.m7/]/vOA/.77/7't'y/7:n/fx\on 


■it.  Gwsrxim,  GMGA^y 


A'01<J3/7 


;V-*_ 

i: ' 

v : 

11 

j- 

■;  ' 

i  ‘ 

r  ( 

L  _ 

-hi ! 

\i-l- 

1 

IE 

■ 

t 

d 

IF 

jr 

i 

-\ 

-t  ,  : 

! 

d: 

;  i ; 

- 

-! 

It 

CHESTERUERE  LAKE 


GLENBOW  SITE 


fCochrone 


pV/ivt/j 


RADNOR  SITE, 

33.000  HP. 

HEAD  60  FT. 

STORAGE  NIL 


GHOST  RLANT 

CAPACITY  37,*S0  HP  (* 
HEAD  HO  ,10  73  FT  V  . 

STORAGE  73>00  AC-  FT f  / 


IATER 

SITE 


CALGARY 
r  POWER 

9,000  H  P 
HEAD  24  5 
m  STORAGE 


STORAGE 


CALQ.ARY 


IHOST  RIVER/DIVERSION 


BEARSPAW  SITE 

25,000  - 


LAKE  MINNEWANKA 
STORAGE  RESERVOIR 


HEAO  66  FT 
STORAGE  NIL 


PROPOSEO  RESERVOIR 


Corselond 


1  re, ooo 

J  HEAD  Ml  to. 
STORAGE  78, 


CHESTERMEREVSITE' 


SHEPARD  SITE 

120,000  HR 

HEAD  300  FT. 
STORAGE  51,000  AC  FT. 


CASCADE  PLANT 

CAPACITY  23.000/H.P 
HEAD  3  A  5  I  o  S3  OFT 

STORAGE  180,00 «/  AC  FT, 


W&RSESHOe/  PLANT^).  // 

x  CAPACI 20,000  HP  £  . 

X  STORAGE  NIL  /W  KANANAbKIS  f 

\HEAD  72  FT^XXf  CAPACITY  24,000  H.R 

V  STORAGE  NIL 

\  f  \  HEAO  72  FT. 


Storage 


BARRIER  PLtfNT 

\c  APACIT  Y^llpofr/H.t 

\HEAD  133  to  12(1  FT. 
STORAGE/  20,000  A 


\  /  17,000  HP.  X*.  • 

RUNDLE  PL  ANT X-Conmorc,'  heao  63  to  32.3  Fyjrr.Sjjf 

X  CAPAOTY  23,000  HP-V/Q  /sTORAqE  130.000  AC ftf/UU/f* 
STORAGE  NIL  V  M? 

r^HEAO  320  FT jjj' 

v  /  (  SPRAY  PLANT"\ 

N~-\  Y\  CAPACITY  62,000  H.R  V 

L  STORAGE  NIL  / 

It,.  \\  HEAO  900  FT 

X,  VrtHREE  SISTERS  PLANT 

VV  CAPACITY  3600  HP. 

\  HEAD  65  10  28  FT 

\  STORAGE  210,000  AC. 


SPRAY  RESERVOIR 


SMITH  -  DORRIENX 
CREEK  DIVERSION- 


POCATERRAx  SITE.- 

f\  19,000  HR  - - 

\  HEAO  226  FT.  / 

STORAGE  33,000  AC.  FT. 


UPPER  KANANAT6KIS  LAKE  IX 
STORAGE  SRESERyCip  ■ 

STORAGE  100,000  AC.  FT. 


CALGARY  POWER  LTD. 

BOW  RIVER  DRAINAGE  BASIN 

SHOWING 

EXISTING  AND  PROPOSED 
POWER  DEVELOPMENTS 

Scot® 

Oil,  -  April  17,051  C0 
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